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I. INTRODUCTION 

The worked performed under this contract was part of 
the DOE/JPL Low-Cost Solar Array (LSA) Project. The pri- 
mary objectives of the program are to demonstrate and, 
where necessary, to develop those solar cells and module 
process steps which have the technological readiness or 
capability to achieve the 1986 LSA goals. 

Large volume, high throughput rates and automation are 
necessary to achieve the 1986 cost goals low-cost qualifi- 
cations for solar cell and module production companies. 

The 1986 LSA Industry production goals are 500 megawatts 
per year at 70 cents per peak watt in 1980$. Consequently, 
a major effort In this contract was applied toward the 
analysis of solar cell and module process steps for through 
put rate, cost effectiveness and reproducibility. The anal 
ysls was based upon the assumptions listed below: 

(1) 500 MW/year are produced in 1986 (the specific 
year was not critical to this study) at $.308/ 
watt in 1980 dollars for silicon wafer material 
and at $. 70/watt in 1980 dollars for the finished 
module. 

(2) Two vertically integrated companies, CELLC0 a 
solar cell production firm and M0DULC0 a module 
production firm, will share 40 percent of the 
market, 200 MW, and M0DULC0 will buy 100 percent 
of its solar cells from CELLC0. 

(3) CELLC0 and M0DULC0 require an average of 4.7 
person- sh i fts per day and operate 24 hours per 
day, 7 days per week, 345 days per year. 

(4) The solar cells will have at least a 14.7% en- 
capsulation efficiency and a production yield 
of at least 95%. 

(5) The module will have the dimensions of 2' x 4', 
will contain 119 equivalent modified hexagonal 
solar cells (102 full cells and 34 half cells), 
and will have a power output of 90 watts at 
100 mW/ciii? solar insolation. 


As a result of the above, nominal throughput Is ex- 
pected to be as follows: 

CELLCO: 278 million solar cells per year 
or 210.3 MW per year 

M0DULC0: 2.222 million modules per year 
or 200 MW per year 

In addition to the concentration on cell and module 
processing sequences, an Investigation was made into the 
capability of using microwave energy In the diffusion, sin- 
tering and thick film firing steps of cell processing. 

Although the entire process sequence has been Inte- 
grated, the steps are treated individually with test and 
experimental data, conclusions and recommendations together 
In one subsection. 

Sensor Technology, Inc. is no longer directly In the 
terrestrial solar photovol talcs field. Their entire effort 
in this area has been assumed by Photowatt International. 

It must be acknowledged, however, that while reference is 
made throughout this report to Photowatt CELLCO and M00ULC0, 
the bases for many of these determinations were with Sensor 
Technology. 


II. SUMMARY 

The Initial contract was a Phase II Process Development 
for a process sequence, but with concentration on two par- 
ticular process steps: laserscribing and spray-on junction 
formation. The balance of the process, although Important, 
was to be a subordinate level of effort to support these two 
major tasks. 

The add-on portion of the contract was to further de- 
velop these tasks, to Incorporate spray-on of AR Coating and 
aluminum and to study the application of microwave energy 
to solar cell fabrication. 

The overall process cost projection is 97.918$/Wp. The 
major contributor to this excess cost is the module encapsula- 
tion materials cost. The frame and encapsulation materials 
alone total 25.634tf/Wp. Since this was not an area of major 
effort on the contract, the approach was to automate what was 
available, not to develop new technologies and, as a result, 
less effort was devoted to this task. 

During + '<e span of this contract the study of microwave 
application to solar cell fabrication produced the ability to 
apply this technique to any requirement of 600°C or less. 

Above this temperature, non-uniformity caused the processing 
to be unreliable. It became evident that fundamental develop- 
ment efforts were required and these are being pursued through 
another contract. 

The "Technical Discussion" section of this report only 
concerns itself with costs when these have been driving forces 
that directed the area of technology in which efforts had to 
be expended. 

Following the "Technical Discussion" section, the "SAMICS 
Analyses" section details, in written form, the processes that 
go Into the final sequence of SAMICS Format A's which appears 
in Appendices II and III. 
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The “Process Specifications" section details the pro- 
cesses which were fully developed for this program. These have 
been written for engineering personnel and not as operator 
oriented documents. A normal level of familiarity with the 
proper handling of chemicals, equipment and product Is assumed. 
If It 1$ desired to implement any of these processes, the engi- 
neer Is cautioned that adequate safety Instructions and “right 
hand/left hand" additions to the specifications are required 
for some production levels of familiarity. 


III. TECHNICAL DISCUSSION 


A . Wafer Surface Preparation 

Wafer surface preparation plays an Important role 
In solar cell power output. In addition to reducing re- 
flection losses from the front surface of solar cells, the 
texturizing process prepares the silicon wafers for the sub- 
sequent junction formation step. From the experimental re- 

( 1 2 ) 

suits of this program and from work reported elsewhere, * 

It was demonstrated that the wafer surface preparation pro- 
cess yields silicon wafers which have black antireflective 
surfaces, which are uniformly etched and are batch-to-batch 
reproducible. 

The wafer surface preparation equipment shown in 
Figure 1 also demonstrated a high throughput rate; it can 
process, after the initial startup time, 2400 wafers per 
hour. 

The wafer surface preparation process consists of 
five steps. They are (1) wafer surface cleaning, (2) sur- 
face macrostructure etching, (3) four-stage cascade rinse, 

(4) surface macrostructure final cleaning, and (5) final 
rinse/spin dry. 

Ninety millimeter diameter, Czochralski (100) as- 
cut, round silicon wafers were procured and sample inspected 
for experimentation. They were manually placed into cas- 
settes which hold twenty-five wafers. Four cassettes or 
one hundred silicon wafers were manually loaded into a 
carrier basket ready for the first process step. 

The first step in the wafer surface process con- 
sists of a two-stage wafer surface cleaning procedure. 

The silicon wafers are placed into trichl orethyl ene (at 

room temperature) for five minutes (preferably in an ultra- \ 

sonic tank) followed by a five minute methanol dip. Since ^ 
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Figure 1. Sketch of Surface Macrostructure Process Equipment. 
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9 liters are used In these processes, and the solutions ore 
Replaced every eight hours (as an operational convenience) 
^jlthe usage In both cases Is 0.9 cc/wafer. This process step 
^Wcleans organic contaminants off the wafer surfaces which might 
otherwise impede the surface preparation etching step. 

The second step In the wafer surface prepara- 
tion process Is surface macrostructure etching. The 
carrier basket containing the silicon wafers Is Intro- 
duced Into an ultrasonic stainless steel tank which has 
been filled with a 10% (w/w) solution of NaOH In deionized 
water at 85°C±2°C. Suspended In the tank Is a nitrogen 
bubbler In addition to the ultrasonics. Ten liters per 
minute of nitrogen gas are required for the bubbler de- 
signed by Sensor Technology, Inc. It Is to be noted that 
the design and placement of the bubbler, with respect to 
the silicon wafers, determines the consistency of the sur- 
face macrostructure etching process. A large amount of 
nitrogen bubbles, which are small In diameter, contributes 
to uniform surface macrostructures . The process time for 
this step Is five minutes. 

The carrier basket Is manually removed from the 
surface macrostructure etching tank and placed Into the 
first ultrasonic stage of a four-stage cascade rinse sys- 
tem which makes up the third step In the process. The 
carrier basket remains for five minutes in each of the 
four stages. Hot deionized water flows at a rate of 3.8 
liters per minute from the fourth stage where the D.I. 
water Input temperature Is 80°C + 5°C to the first ultra- 
sonic stage where the D.I. water output temperature is 72°C 
t 5°C. The silicon wafers get progressively cleaner as 
they move from the first stage to the fourth stage of the 
cascade rinse system. 


Tl.e fourth step In the wafer surface prepara* 
tlon process Is final cloning. The wafer Jigs are man- 
ually removed from the cascade rinse and Introduced Into 
a sulfuric acld/hydrogen peroxide mixture (1:1) at 70 9 C + 
5°C for five minutes (30% not stabilized). This 

solution removes any remaining deposits of sodium hydrox- 
ide that may be trapped In the wafer surface. The wafers 
are then rinsed off In running D.I. water for five minutes. 

The fourth wafer surface preparation process 
step was found to be $38.00/500 wafers. It was also found 
to have only a minor effect on solar cell electrical per- 
formance. Since It Is essentially a precautionary mea- 
sure to ensure the cleanliness of the texturized silicon 
wafers and, under this optimized wafer surface prepara- 
tion process, the final cleaning step should not be 
necessary; It Is recommended that this process step not 
be considered in the overall 1986 wafer surface prepara- 
tion process. 

The last step in the wafer surface preparation 
process is the final rinse/spin dry. The last remaining 
wafer surface contaminants are removed in this five minute 
cycle. The wafers are now ready for the junction forma- 
tion process. 

The wafer surface preparation process demonstra- 
tion equipment was used to process 100 ninety millimeter 
diameter silicon wafers for each carrier basket or four 
cassettes carrying 25 wafers each. The system capability 
is 200 wafers per process step (including transfer time) 
assuming two layers of 100 wafers each. The wafer surface 
preparation process therefore can produce, after the 
initial startup time, 2400 wafers per hour. 
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A SAMICS cost analysis was performed on this 
task and showed a total cost of 2.09 cents per peak watt 
in 1980 cents for a fully automated system with a wafer 
throughput of 6000 wafers per hour. Included in the anal- 
ysis is the elimination of the final cleaning step (step 
4 above) and the replacement of the final rinse/spin dry 
step with a clean air blow dry system. 

A detailed cost analysis is discussed in a later 
section. It can be concluded that the wafer surface prep- 
aration process will contribute significantly to reducing 
the cost and increasing the solar cell and module effi- 
ciency which is in-line with the 1986 LSA goals. 

B. Spray-on Dopant Junction Formation 

The spray-on dopant process is a low-cost, inno- 
vative junction formation technique which appears to have 
a high potential for achieving the 1986 LSA program goals. 
Several features of the equipment contribute to the fav- 
orable prospects of the spray-on dopant junction formation 
technique. Among these characteristics are the high wafer 
throughput rate and the reasonably short processing time 
obtainable from the prototype spray-on dopant equipment. 

An important feature of the spray-on dopant equipment is 
its adaptability to large-scale production. An equally im- 
portant feature of the prototype equipment is its capability 
of performing a wide range of parametric variations which 
lead to process optimization. The following sections pre- 
sent a detailed description of the prototype spray-on 
dopant equipment, as well as documentation of the process 
study . 

B1 . Spray-on Dopant Equipment 

The spray-on dopant equipment utilized by Photo- 
watt International is the Model 100 SC Precision Spray-on 
Coating and Drying System which was designed and constructed 
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by Advanced Concepts Equipment, a Division of Huestls Machine 
Corporation, Bristol, Rhode Island. This system was specif- 
ically designed for the purpose of spraying thin film dopants 
onto silicon wafers. An illustration of it can be found in 
Figure 2. 

The system is capable of processing approximately 
one sq. ft. per minute, allowing 65% utilization of the con- 
veyor area. In order to provide a more economical system 
which maintains all the essential controls of the sophisti- 
cated spray-on equipment, the support frame was reconstructed 
as a bench-type model with open access. It has the capa- 
bility of providing a high degree of uniformity between suc- 
cessive coating batches due to a manually selected flush sub- 
system which cleans the internal passages, filter and nozzle 
orifice of the spray gun after the coating cycle. Good thick- 
ness and leveling control can be attained as a result of the 
many overlapping passes of the spray gun. Important parameters 
such as conveyor speed, coating material flow rate, air or 
nitrogen flow rate (atomization) and I.R. emitter temperature 
are fully adjustable. All functions are controlled by con- 
veniently located switches and regulators. 

The coating and drying system consists of six com- 
ponents, each of which perforins a specific function. The load- 
ing station is 12" long and accessible from three sides. The 
conveyor system will transport manually loaded pallets con- 
taining six wafers each, through the spraying operation, dry- 
ing tunnel and finally onto the unloading station. It is 
driven by an explosion-proof motor and adjustable speed re- 
ducer which will provide conveyor speeds of 03 to 3 feet 
per minute. 

The spray chamber houses the air atomization spray 
gun which can dispense both the coating material and the 
cleaning solvent as the result of a special valving arrange- 
ment which has the additional advantage of facilitating 
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selective control of the spray/flush sequence. The spray 
chamber has a rectangular cross-sectional area of 24" by 
27", and a height of 16". The conveyor entry and exit 
openings extend 2" in height. An exhaust plenum located 
in the lower portion of the spray chamber serves to main- 
tain the cleanliness of the chamber through the use of over- 
spray par.s and an exhaust filter. 

The air dry station, located between the spray 
chamber and the IR/convection drying tunnel, is fabricated 
from type 304 stainless steel. The special environment 
maintained in the "air dry" station hinders the formation 
of "pin holes" on the substrates during the subsequent ele- 
vated temperature drying cycle by evaporating the more vola- 
tile solvents from the coating. The drying tunnel is con- 
structed of stainless steel and utilizes both convection 
and IR radiation to cure the thin-film coating. 

The infra-red radiation output of the heater panel 
is independently regulated by a solid state temperature con- 
troller which provides a maximum variation of + 2 % at a max- 
imum temperature of 800°F, The heater panel is covered with 
fiberglass insulation to minimize thermal radiation leakage 
to the outside enclosure. Unlike many conventional IR heat 
sources, this panel heater has been specifically designed 
for explosion-proof operation in an environment of concen- 
trated organic solvent vapors such as that encountered in 
the drying tunnel. To minimize the concentration of sol- 
vent vapors within the oven tunnel, an air flow of approx- 
imately 50 linear feet per minute is used. The spray booth 
exhaust is used to facilitate this requirement. The unload- 
ing station, like the loading station, is 12" long and acces- 
sible from three sides. 


B2. Mechanical Parameter Optimization 

Upon delivery and installation of the spray-on 
dopant equipment at Sensor Technology, tests were devised 
which set out to optimize the following key mechanical 


parameters: 



Parameter 

Symbol 

Test Span 

• Conveyor Speed 

V c 

1/2 ft/min., 5 ft/mi n 

• Nozzle Speed 

V n 

45-90 osc/min 

• Dopant Pot Pressure 

p d 

to deliver 5 to 15 cc/min 

• Atomization Pressure 

p a 

15 psig - 35 psig 

• Baking Temperature 

T o 

400°F fixed 

• Nozzle Diameter 

D n 

.010", .015", .020" dia. 


The uniformity of the dopant spray is strongly 
dependent upon \L , V„, P a and D . The pot pressure, P., 
controls the dopant consumption rate, and the IR oven tem- 
erature, T Q is adjusted to coordinate with the conveyor speed 
for proper curing of the thickness of the dopant layer on the 
wafer surface. Each of these parameters is also dependent 
upon the type of dopant material utilized in the dopant sur- 
vey. The two types of dopant materials used in the experi- 
mental studies are as follows: 

a. Emulsitone N250, water based phosphos i 1 i cia film 

Viscosity: 22 cent i poi se 

18 19 

Concentration : 1 x 10 , 1 x 10 , and 

5 x 10 19 atoms/cm 9 

b. Emulsitone borosilica film, water based 

Viscosity: 32 centi poise 

19 20 3 

Co nc ent rati on : 1 x 10 and 1 x 10 a toms /cm 

By utilizing the above mentioned dopant solutions 
on texturized wafers, tests succeeded in optimizing all mech- 
anical parameters. The dopant concentration was found not to 
change parameters, which were: 


a. The optimum nozzle speed, V n , was 50 strokes 
per minute at a maximum conveyor speed, V., of 

C 

2 feet per minute. 

b. The optimum atomization pressure, P a , for a 
dopant flow rate of 7 cc/min. was 18 psig. 

For a dopant flow rate of 10 cc/min. the opti- 
mized pressure, P , was 25 psig. 

O 

c. The optimum baking temperature, T Q , for all 
test conditions was 375°F. 

d. The optimum nozzle diameter, D R , for both 
dopants was 10 mil . 

e. The optimized dopant pot pressures, P d , for 
three different phosphosi 1 ica and boron dopant 
flow rates and film thicknesses are shown in 
Table 1. 

B 3 . Dopant Fl o w Rate Versus Solar Cell Electrical Per - 
formance 

The mechanical parameter optimization study prompted 
a further investigation which was designed to assess the re- 
lationship between the phosphosi 1 i ca dopant flow rate and the 
solar cell electrical performance. Three batches of solar 
cells were used in the experimental study. All spray-on dopant 
process parameters were fixed as shown in Table 2 with the one 
exception of the dopant flow rate, in order to evaluate the 
effect of dopant flow rate variations on solar cell electrical 
performance. (The atomization pressure was increased from 18 
psig to 25 psig in Batch 3 in order to prevent the non cut-off 
effect and thus optimize the atomization pressure.) 

When the electrical performance test results were 
evaluated for the round solar cells, the fill factors and 
efficiencies were found to be very poor. A dopant overlap 
was suspected. Hexagonal solar cells were cut by laserscribe 
from the round solar cells and a much improved electrical per- 
formance was observed as shown in Table 3. The fill factors 
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Table 1. Experimental Data Relating the Optimized 
Dopant Pot Pressure, P<j, with Three Dif- 
ferent Phosphosll lea and Boron Dopant Flow 
Rates and Film Thicknesses. 


PHOSPHOSILICA DOPANT 

Dopant Flow Rate: 
Pot PressurerPj etc 
Thickness : 

5 cc/min. 
65" H 2 0 

4k 

7 cc/min. 
95" H 2 0 

8k 

10 cc/min. 
145" H 2 0 

1 5 h- 

BORON DOPANT 

Dopant Flow Rate: 

Pot Pressure: 

Thickness : 

5 cc/min. 
48" H 2 0 

4k 

7 cc/min. 
73" H 2 0 

8k 

10 cc/min. 

110" h 2 o 
15k 











Table 2. Spray-on Dopant Process Parameters Utilized In 
Three Solar Cell Batches. The Dopant Flow Rate 
was Varied in the Front Surface Coating While 
all Other Parameters in Both the Front Surface 
Coating and Back Surface Coating were Held Con- 
stant in the Three Batches 


FRONT SURFACE COATING-PHOSPHOSItICA DOPANT ( 5x1 0 19 ) 

Conveyor Speed 

Oven Temperature 
Dopant Flow Rate 

Drain Spray Nozzle 

Atomization Pressure 

Drying Time 

Batch 1 

Batch 2 

Batch 3 

2 ft/min. 

375°F 

5 cc/min. 

10 mils 

18 psig 
* 2 hr. 

2 ft/min. 

375°F 

7 cc/min. 

10 mils 

18 psig 

hr. 

2 ft/min. 
375°F 

10 cc/min. 

10 mils 

25 psig 

H hr. 

BACK SURFACE COATING-BOROSILICA DOPANT (10* U ) 

Conveyor Speed 

Oven Temperature 
Dopant Flow Rate 

Drain Spray Nozzle 
Atomization Pressure 

Drying Time 

Batch 1 

Batch 2 

Batch 3 

2 ft/min. 

375°F 

7 cc/min. 

10 mils 

18 psig 

hr. 

2 ft/min. 

375°F 

7 cc/min. 

10 mils 

18 psig 

hr. 

2 ft/min. 

375°F 

7 cc/min. 

10 mi 1 s 

18 psig 
h hr. 


16 

































































































































































and efficiencies for all three batches were significantly 
Increased after the round solar cells were cut Into hexa- 
gons. Therefore, It can be concluded that dopant overlap 
can be eliminated by use of the laserscrlbe to trim off the 
solar cell edges. 

The laser trimming operation Is thus seen to be 
very effective, and It, or some other edge cleanup technique. 
Is an essential procedure for Improving the photovoltaic 
energy conversion efficiencies of solar cells processed with 
the spray-on dopant technique. 

A relationship between the dopant flow rate and 
the hexagonal solar cell efficiencies can be established on 
the basis of the experimental data obtained from the three 
batches. As shown in Figure 3, a plot was made of the Mean 
value of the hexagonal solar cell efficiencies versus the 
dopant flow rate. The maximum and minimum efficiencies of 
each of the three batches are included in the figure. The 
mean value In the efficiency appears to Increase as the dopant 
flow rate goes up. The Increase in efficiency, however. Is 
less than the spread of the data. The data shown In Figure 3 
also indicate that the spread in the efficiency data tends 
to decrease as the dopant flow rate increases. Seven cc/mln 
Is Indicated as the ideal rate. 

B4 . Exce s s Dopant Rem oval 

The excess dopant remaining on spray-on-doped cells 
following the drive-in process must be removed since the ex- 
cess dopant will cover the cell surface in the form of a 
silica film and have the undesirable effect of reducing the 
solar cell electrical performance. This film can be removed 
by a hydrofluoric acid etching process. The electrical per- 
formances of solar cells with and without excess dopant re- 
moval are shown in Figure 4 and Table 4. The electrical 
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Figure 3, Spray-on Dopant Flow Rate Versus Hexagonal Solar Cell Efficiency. 




CURRENT (amps) 



Figure 4. Effect on Solar Cell Electrical Performance when 
Excess Dopants are Removed in the Spray-on Dopant 
Process. Cells are Texturized with no AR Coating. 
Surface Area is 45 cm2. Cells are Tested at 28°C 
under 100 mW/cm2 Tungsten Light. (10 cells) 
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Table 4. Electrical Parameters of Solar Cells 

With and Without Excess Dopant Removal. 
(10 cells) 


EXCESS DOPANTS 

NOT REMOVED 

EXCESS DOPANTS 
REMOVED 

1.25 amps 

1 . 28 amps 

0.6 volts 

0.61 volts 

0.10 amps 

1.18 amps 

0.475 volts 

0.480 volts 

0.5225 watts 

0.5664 watts 

0.697 

0.725 

11.611% 

1 

12.59% 









performance Improvement Includes both the fill factor and 
the solar cell efficiency. It Is apparent from the figure 
and table that excess dopant removal significantly enhances 
solar cell efficiency. 


B5 . Polymer Dopant for Back Surface Field Formation 

It has been well documented in the literature that 
the Inclusion of an effective back surface field within the 
solar cell structure enhances open circuit voltage and short 
circuit current. Back surface field formation with spray-on 
boron dopant has been investigated as an alternative, low- 
cost back surface field formation technique. 

Spray-on boron back surface fields were demonstrated 
In earlier work. The main objective of this work was to 
assess the degree to which drive-in temperature variations 
Influence the effectiveness of spray-on boron back surface 
fields. 


Three batch tests were performed. All parameters 
were Identical in each case, with the exception of the spray- 
on boron drive-in temperature. The set of processing steps 
jjptilized for each case followed the baseline fabrication 
jpsequence shown in Figure 5, with spray-on phosphorous, spray- 
Jjpon boron, and SiO AR coating. The I-V curves ‘or Batches 
P-10 (1100°C), P-11 ( 1 050°C ) , and P-12 (1000°C) are presented 
in Figures 6, 7 and 8, respectively. 


It is clear from Table 5 that Batch P-12 (1000°C) 
has the highest average efficiency and fill factor of the 
three batches. In addition. Batch P-12 manifests the high- 
est average short circuit current ana open circuit voltage 
of the three batches. 

Since enhanced open circuit voltage and short cir- 
cuit current are characteristics of an effective back sur- 
face field, It appears that a drive-in temperature of 1 000°C 
Is best for spray-on boron back surface fields (among these 
tested) . 
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CURRENT 


3 inch diameter cells 
3-8 ohm-cm resistivity 


VOLTAGE (Volts) 


Figure 6. Electrical Performance Curves for Solar Cells Spray-on 
Doped with Boron and Driven-in at 1 1 00° C for 25 Min- 
utes. The Ceils were Tested under Tungsten Light at 
100 mW/cm2 and at 28<>C. 





CURKLNT ( amps ) 





CUHKENT (anijjs) 


L .200 


L.000 


3 inch diameter cells "] 
_3-8 ohm-cm resistivity] 


VOLTAGE (volts) 

Figure 8. Electrical Performance Curves for Solar Cells 

Spray-on Doped with Boron and Driven-in at 1000°C 
for 25 Minutes. The Cells were Tested Under Tungsten 
Light at 100 mW/cm? at 28°C. 





Table 5. Electrical Performance Data for Solar Cells Spray-on 
Doped with Boron and Driven-in at Three Different 
Temperatures. Active Area of the Solar Cells is 
41.43 cm 2 . The Cells were Tested Under Tungsten 
Light at 100 mW/cm 2 and at 28°C. (15 Samples/Group) 


BATCH 

Isc 

Voc 

Ipp 

Vpp 

n^.) 

FF 


A£L 

FF ' 0 


P-10: 


Boron drive-in temperature was 1100°C for 25 minutes. 



1.31 

.565 

1.14 

.390 

10.73 

.601 

+6.87 

-2.28 

1.14 

.545 

1.01 

.380 

9.26 

.618 

-7.77 

+0.48 

1.23 

.55 

1.08 

.385 

10.04 

.615 




P-11: 


Boron drive-in temperature was 1050°C for 25 minutes. 


High 

1.31 

.580 

1.18 

.420 

11.96 

.652 

+6.31 

+1.40 

Low 

1.22 

.565 

1.01 

.425 

10.36 

.623 

-7.91 

-3.11 

Wt . Ave . 

1.26 

.575 

1.11 

.420 

11.25 

.643 




P-12: 


Boron drive-in temperature was 1000°C for 25 minutes. 



.585 

1.18 

.445 

12.67 

.680 

+4.71 

+2.56 

.570 

1.12 

.415 

11.22 

.637 

-7.27 

-3.92 

.580 

1.15 

.435 

12.10 

.66 3 




































A SAMICS cost analysis was performed on the spray- 
on dopant process sequence. A detailed cost breakdown for 
the spray-on dopant process is shown in Table 6. The pro- 
cess sequence consists of three steps which include (1) 
spray-on N + and P + dopants, (2) dopant drive-in, and (3) 
excess dopant removal. The resulting process cost is 4.34 
cents per peak watt in 1980 cents. This cost Is in-line 
with the 1986 LSA program goals. Consequently, the spray-on 
dopant process is highly recommended for usage in the 1986 
LSA solar cell industry. 

C . Aluminu m Sp ray-on Metallization Study 

A low cost spray-on technique for applying alumi- 
num to the back surface of solar cells was investigated. 
Preliminary experimentation in this area involved spraying 
a binder solution onto the silicon wafer back surface, 
followed by spraying powdered aluminum. The aluminum oxide 
particles produced by rapid oxidation of powdered aluminum 
in the spray-on system exploded. 

To avoid this situation in subsequent experiments, 
aluminum slurry was used in place of the powdered aluminum. 
Two aluminum slurry spray-on methods were formulated to 
demonstrate the feasibility of the spray-on aluminum tech- 
nique. The first method involves the use of a proximity 
sprayer which simultaneously sprays both an aluminum slurry 
and a binder solution through separate nozzles. Initial 
experiments resulted in uniformity problems and thus this 
method was discontinued. The second technique considered 
utilizes an a 1 umi num/binder slurry which is sprayed through 
one nozzle. 

The existing spray-on system at Photowatt Inter- 
national required several equipment modifications in order 
to perform the recessary experiments. These equipment mod- 
ifications included the addition of a metallizing spray booth 
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EQUIPMENT 


0.770 

FLOOR SPACE 


0.244 

LABOR 


0.744 

MATERIAL 


1.652 

UTILITY 


0.897 


TOTAL 

4.357 


SPRAY-ON DOPANT PROCESS STEPS 

1. Spray-on N + and P + Dopants 

2. Dopant Drive-in 

3. Excess Dopant Removal 





located ahead of the present spray chamber, and an extension 
of the conveyor. An illustration of the modified spray-on 
system is depicted in Figure 9. The operation of this sys- 
tem requires manual removal of the pallet from the present 
booth where the binder solution is applied, and subsequent 
placement of the pallet ahead of the new booth where the 
metal is applied. Advanced Concepts Corporation of Bristol, 
Rhode Island performed all of the above modifications. 

Two batches of 25 wafers each were sent to Advanced 
Concepts after POC 1 ^ diffusion for the performance of initial 
spray-on aluminum p + back surface field experiments. Batch 
L-1100 consisted of 2.15" diameter silicon wafers with base 
resistivities of ~3-8 ohm-cm and Batch L - 1 1 01 consisted of 
3" diameter silicon wafers with base resistivities of ~10-20 
ohm-cm. The initial processing steps used in both batch tests 
were as follows: 

1. Spray-on aluminum slurry. 

2. Sinter at 875°C for 120 seconds 
in 5% hydrogen forming gas. 

The front surfaces of the silicon wafers returned 
from Advanced Concepts Corporation showed evidence of spor- 
adic contamination with aluminum. To remove all traces of 
aluminum from the front surfaces, the wafers in both batches 
were subjected to cleaning in a 10% HF solution for four 
minutes. Subsequently, this step has been incorporated 
into the standard process. After the completion of this 
cleaning step, both batches were processed with the remain- 
ing steps of Photowatt's standard solar cell processing 
sequence (Refer to Figure 12). 

The I - V curves of Batches L-1100 and L - 1 101 are 
shown in Figures 10 and 11, respectively. A summary of 
the electrical performance data of both batch tests is pre- 
sented in Table 7. The open circuit voltage in high resis- 
tivity Batch L - 1 101 (0.590 - 0.605 volts) are higher than 
the open circuit voltages in low resistivity Batch L-1100 
(0.570 - 0.575 volts). 
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Figure 9. Illustration of the Modified Spray-on System for Applying Aluminum 
to the Back Surfaces of Solar Cells. 
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FigurelO. Electrical Performance of Batch L-1100 with 
Spray-on Aluminum p + 6SF. 
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Figure 11. Electrical Performance of Batch L - 1 101 with 
Spray-on Aluminum p + BSF. 





Table 7. Electrical Characteristics of Batch Tests 
Processed with Spray-on Aluminum p+ Back 
Surface Field. 


Batch 

I sc (A) 

v oc < v » 

Inn <*> 

pp 

V PP (V) 

n (%) 

FF 

m 


Batch Ir 

1100: ~3 

-8 ohm-cn 

n., 2.15" 

diamete 

r silicor 

wafers. 



High 

.580 

.575 

.515 

.480 

10.55 

■21 

gsa 


Low 

.562 

.565 

.465 

.420 

8.34 

m 



Wt.Ave. 

.570 

.570 

.515 

.440 

9.67 

.697 

II 

■ 

Batch L- 

1101: -1 

0-20 ohm- 

■cm., 3" 

diameter 

silicon 

wafers. 



High 

1.13 

.605 

1.01 

.503 

11.14 

.743 

1 

0.95 

Low 

1.08 

.590 

.87 

.455 

8.68 

.621 


-15.63 

Wt.Ave. 

1.11 

.600 

.99 

.495 

10.75 

.736 

■1 
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The work performed has shown the spray-on tech- 
nique to be a viable method of applying aluminum to the 
back surfaces of solar cells. 

0. Spray-on Anti ref 1 ectl ve Coating Study 
D1 . Background 

The development of low cost, efficient solar cells 
is facilitated by the use of a low-cost technique for apply- 
ing antireflective (AR) coatings. One promising method in- 
volves spraying on the required antireflective coatings. To 
ensure the success of this method, the spray-on system must 
be capable of consistently spraying the AR coating to a des- 
ignated thickness. Although eyact theoretical computations 
of the AR coating thickness can be made, for our purposes a 
number of simplifying assumptions was made in order to ob- 
tain an approximate value for the thickness which leads to 
minimal reflection losses. These assumptions include: (a) 
normal incident light on a flat wafer surface, (b) mono- 
chromatic incident light, and (c) no absorption loss in the 
AR coating layer. A discussion of the procedure used to com- 
pute the AR coating layer thickness which minimizes reflection 
losses is presented below. 

For a single layer AR coating at a single wavelength, 
A, the reflectance, R, is given by the following expression. 

R ./ ("o - n) cos- k,!,. 1 |(nn 0 /n 1 )-o 1 [ sin K,),) \ 2 (£g 

\ (n Q + n) cos kjlj- i | n ] + (nn Q /n 1 ) j s in k^)/ 

n„ = refractive index of the incident medium 

0 

n = refractive index of the transmitting medium 

n^ = refractive index of the AR coating 

k.| = 2 ir n i /A 

1^ = thickness of AR coating 

1 » (-!)'» 
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If the optical thickness of the AR coating n^lj 
Is a quarter wavelength, then kj1j**/2 and the reflectance 
for a quarter wavelength film becomes: 



It is clear that the reflectance is zero if n. = 

in 

(nn Q ) \ for 1 ^ n^ = X/4 . 

The anti ref 1 ecti ve coating, which was studied dur- 
ing this contract was Ti tani umsi 1 lea "C". The thickness of 
Titanlumsil lea "C" AR coating with refractive index, n^, equal 
to 1.95 that minimizes reflection losses was computed as 
fol lows : 


1 


1 



6000A 

4TTT957 


7 6 9 A 


Uq. 3 ) 


This thickness corresponds to a quarter wave- 
length for photons near the middle of the usable solar 
spectrum, (6000A). The reflection loss at this thick- 
ness was computed with the aid of Equation 2. The re- 
flection loss omounts to 0.064%, for this case. If an 
AR coating with a refractive index of 2.0 had been used 
instead of Ti taniums i 1 i ca "C", the reflective loss would 
be zero. 

D 2 . AR Co ating Thickness Experiments with Polished Wafers 
Initial experimentation in the area of spray-on 
AR coatings focussed on achieving a Ti tani urns i 1 i ca "C" 

AR coating layer thickness approaching the values of 
769A. Several preliminary test runs indicated that the spray- 
on system was not capable of achieving Ti tani urns i 1 i ca "C" AR 
coating layer thicknesses of less than 1000A because of the 
viscosity of the mixture and the 25" H^O pressure limit. 
Nevertheless, two batch tests were performed to determine 
the viability of the spray-on AR coating technique. 
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Both solar cell batches were processed with the 
fabrication sequence shown in Fiqure 5. Following Si Og 
removal in each case, the electrical performances of the 
solar cells were measured. Titaniumsi 1 ica "C" AR coating 

O 

was then sprayed onto Batch T-100 to a thickness of 1500A, 

O 

and sprayed onto Batch T-101 to a thickness of 1000A. (Both 
determined by color.) The electrical performances of both 
batch tests were then measured. 

Upon comparison of the electrical performance re- 
sults before and after the spray-on AR coating application 
in Tables 8a & 8b, it can be seen that the average short 
circuit current and average efficiency improved 11.8% and 
10.18% for Batch T-100 (1500A), and 13% and 10.8% for Batch 
T-101 (1000 a). Clearly, the smaller AR coating layer thick- 

O 

ness (1000A) led to the larger improvements in average short 
circuit current and average efficiency. 

Good AR coating thickness uniformity over polished 
silicon wafer surfaces was obtained by properly adjusting 
spray-on equipment parameters. To determine whether the 
spray-on AR coating technique can be performed successfully 
on partially texturized and full texturized silicon wafer 
surfaces. Photowatt performed several experiments. All ex- 
periments utilized the RCA titanium (IV) isopropoxide formu- 
lation AR coating whose composition is shown in Table 9. 

03 . Experiments with Partially Texturized Wafers 
A batch of 3" diameter silicon wafers was pro- 
cessed using the fabrication sequence sho«n in Figure 12. 
Following S i 0 2 glass removal in HF, the electrical per- 
formances of the solar cells were measured. The spray-on 
AR coating process was then performed on these cells The 
uniform blue color over the entire surface area of the 
coated cells indicated good AR coating uniformity. 
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(3" Diameter Cells, 3-8 n-cm) 


BATCH |I sc Ca) Ivoc (v) I p (a) 


T-100 No A.R. coating (Si0 2 removed). 






r sc < a > V^tv) I 


T-101 No A.R. coating (SiO ? removed). 

























Table 8b. Solar Cell Electrical Performance Versus Coating 
Thickness for Spray-on Ti taniums i 1 ica "C". 

(3" Diameter Cells, 3-8 fl-cm! 


I sc ^ 

*> 

>° 

L 

Titaniumsilica ”C 

1.25 

.570 

1.19 

.573 

1.23 

.575 

1.29 

.570 

1.25 

.570 

1.24 

.572 


5 


Ave. 


1.14 

1.10 

1.01 


1.10 


.430 

11.84 

.688 

.443 

11.77 

.715 

.430 

10.49 

.614 

.430 

12.04 

.678 

.430 

11.23 

.653 

.433 

11.47 

.669 


BATCH 

I S c (a) 

V 0C (v) 

Ipp(a) 

V PP 

n(%) 

FF 


T-101 Titaniumsilica "C* A.R. coating 1000A thickness. 


Ave. 


1.25 

1.29 

1.29 

1.30 

.570 

.575 

.575 

.570 

1.10 

1.12 

1.10 

1.14 

.430 

.450 

.440 

.435 

11.425 

12.17 

11.68 

11.97 

.664 

.679 

.653 

.669 

1.28 

.573 

1.115 

.439 

11.81 

.666 

















































The electrical performances of the AR coated cells 
were measured and compared to the electrical performances of 
the same cells without an AR coating. For identification pur- 
poses, the cells tested after S i 0 2 removal are labelled as 
Batch A-1120, and the same cells emerging from the spray-on 
AR coating process are labeled as Batch A- 1 121. 

The electrical performance results for both batches 
are presented in Figures 13 and 14. A summary of the elec- 
trical performance data of both batches is presented in Table 
10. The average efficiency and short circuit current of Batch 
A- 1 121 (AR coated) improved 29. 22% and 29.67%, respectively, 
relative to Batch A-1120 (no AR coating). The average short 
circuit current and efficiency improvements indicated by these 
data demonstrate that RCA I Ti0 2 spray-on AR coating can be 
used successfully on partially texturized silicon wafers. 

04. Experiments with Ful ly Te xturized Wafers 

A lot of 20 3" diameter, silicon wafers was processed 

using the fabrication sequence shown in Figure 12. Follow- 
ing Si0 2 removal in HF, the electrical performances of the 
fully texturized solar cells were measured. The spray-on AR 
coa*’ng process was then performed on these cells with RCA 
I Ti0 2 AR coating. 

Initial attempts on fully texturized wafer surfaces 
were unsuccessful. Uniform coating thicknesses could not be 
maintained, despite repeated attempts at spray-on equipment 
parameter adjustments. To remedy this situation, several 
process modifications were explored. 

The first process modification involved heating the 
wafer prior to the spray-on AR coating application. Ideally, 
this procedure would volatilize the AR coating to prevent 
excessive flow into the space between neighboring pyramids. 

This procedure was shown to be untenable when the heated 
wafers cooled considerably during transport by conveyor to 
the spray-on system. 
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Figure 13. 


Electrical Performance of Batch A-1120, Tested 
after S i 0„ Removal . 
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Table 10. Summary of Electrical Performance Data 
for Batches A-1120 and A-1121 


Batch 

aa 

v oc < v > 

^PP 

ay 

7 (%) 

n 


AFF (%) 

fin3H 

~TF" 

Batch A- 

■1120 Pa 

rtially 

texturiz< 

sd, SiC>2 

glass re 

moved, n< 

o A.R. cc 

mating. 

mm 

.94 

.565 

.84 

.462 

9.43 

.73 

3.97 

0 


.88 

.560 

.82 

.415 


.69 

-8.82 

-5.50 


.91 

.565 

.82 

.455 


.73 



Batch A-1121 Partially 

texturizi 

ad, spray-on A.R. 

coating 

(1000A) 


High 

1.23 

.580 

1.12 

.470 

12.79 

.74 

9.13 

4.23 

Low 

1.15 

.565 

1.04 

.420 

10.61 

.67 

-9.47 

-5.63 

Wt.Ave. 

1.18 ! 

.575 

1.06 

.455 

11.72 

.71 
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The second procedure involved spraying a wetabil- 
ity agent ( 2-ethyl -1 -hexanol ) onto the wafer surface prior 
to the spray-on AR coating application. Although the solar 
cells initially emerging from this process did show evi- 
dence of a slight improvement in coating uniformity, these 
results were not, for the most part, reproducible. This 
same procedure was repeated with the wafers being manually 
dipped into the wetability agent, prior to the spray-on AR 
coating application. They emerged from this process exhib- 
iting the blue color characteristic of a uniform AR coating 
thickness. 

The electrical performances of the AR coated, fully 
texturized cells were measured and compared to the electrical 
performances ot the same cells without an AR coating. For 
Identification purposes, the cells tested after S i 0 2 removal 
are labeled as Batch A- 1 122, and the same cells emerging from 
the spray-on AR coating process are labeled as Batch A-1123. 
The I-V curves of Batches A- 1 122 and A-1123 are presented in 
Figures 15 and 16, respectively. A summary of the electrical 
performance data from both batch tests is presented in Table 
11. The average efficiency and short circuit current of 
Batch A-1123 (AR coated) improved 10.20!- and 10.00%, respec- 
tively, relative to Batch A-1122 (no AR coating). 

In view of these results, it can be concluded that 
fully texturized wafers will be uniformly coated with spray- 
on RCA I T 1 0 2 AR coating, if the process modification dis- 
cussed above is utilized. 
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Figure 15. I-V Curves of the High, Low, and Weighted Average 
Cells in Batch A- 1 122 Tested A*ter S i 0 Removal. 




CURRENT (amps) 



Figure 16. I-V Curves of the High, Low, and Weighted Average 
Cells in Batch A - 1 1 i’ 3 with Spray-on AR Coating. 
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Table 11. Summary of Electrical Performance Data for Batches 
A - 1 1 22 and A-1123 


Batch I sc (a) V oc (v) I OD (a) V pp (v) 7 (%) FF 



AFF(%) 


Batch A-1122 Fully texturized, SiC>2 glass removed, no A.R. coating. 


High 

1.22 

.600 

1.14 

.475 

13.15 

.739 

+8.76 

Low 

1.16 

.585 

1.01 

.460 

11.30 

.685 

-6.53- 

wt.Ave. 

1.20 

.590 

1.07 

.465 

12.09 

.703 

l 



Batch A-1123 Fully texturized, spray-on A.R. coating. 



1.37 

1.29 



1.22 

1.16 

1.17 



13.93 

12.70 

13.26 


.697 +4.30 -0.04 

.692 -4.90 -1.14 
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I . Conv eyo r i z ed Dopant Di ffusi on 

Conveyorized dopant diffusion was investigated as 
an alternative dopant disposition technique. The distin- 
guishing feature of this deposition method resides In the 
utilization of a conveyorized low temperature doped oxide 
(LTO) system. The carrier gas for the LTO system Is nitro- 
gen and the reactive gases forming the n + source are silane, 
phosphine and oxygen. At the conclusion of a suitable time 
period, the phosphine gas is eliminated so that a layer of 
silicon dioxide glass may form on the wafer surface. This 
"cap" oxide will serve to prevent the occurrence of cross 
diffusion during the subsequent dopant drive-in step. Immed- 
iately following the n + dopant depositions, each wafer is 
automatically turned over by a means of a automated mech- 
anism, thus preparing them for p + deposition in a second LTO 
system. 

Several companies were identified which possessed 
the capability of performing lew temperature doped oxide de- 
positions. Adv.-iced Silicon Material Co. (ASM) was selected 
to perform the dopant tests and to design a fixture to sim- 
ulate the conveyor. Upon carrying out the experimental test 
runs in their LTO system, the specially designed fixturing 
for the 3 l « inch wafers was found to actually improve the 
uniformity across the wafers to an extent which exceeded the 
expectations of ASM. 

A total of 25 cells had undergone processing in the 
LTO system, with a deposition time of 9 minutes at 425°C 
and 0.196 torr. These processed cells were received by Sen- 
sor Technology and electrical performance tests were con- 
ducted for process ver i f i ca t ion . Each test, however, yielded 
negative results which were attributed to surface damage in- 
curred during processing at low pressure in a chemical reac- 
tor. Since the shunt resistance was high, surface damage, 
which promotes low minority carrier lifetime, is thus sus- 
pected of being responsible for the poor electrical perform- 
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ance of the experimental cells. While this dopant process 
was not thoroughly investigated, sufficient cause was found 
to render it unsuitable for our applications under this 
contract. 

F. Plasma Etching of Resist 

Plasma etching is a popular process in the semi- 
conductor industry and is reportedly more economical than 
standard chemical methods. Its applicability extends through- 
out the following five areas: (1) silicon oxide or silicon 
nitride etching, (2) photoresist etching up to 2 #im thick- 
ness, (3) silicon surface cleaning, (4) silicon splatter 
removal resulting from laserscribing, and (5) higher reso- 
lution opening photolithography. 

No manufacturer to-date has made any attempt to 
apply this method to the removal of thick film resist. 

The major reason for this is simply that the process is much 
too slow to effect the removal of a thick film resist which 
is approximately 5 mils thick. Consequently, no etching rate 
data has been made available for thick film resist. If it is 
assumed that the etching rate of photoresist is identical to 
that of the thick film resist, this would imply that an 

O 

8000A thick film can be removed within 15 minutes as claimed 
for LFE Corporation's (Waltham, MA) PDS-504-AP (4) Model and 
thus the required process time for a 5 mil thick resist which 
is used in the photovoltaic industry will be approximately 
40 hours. The SAMICS results for this process showed the 
total cost to be $1.02 per peak watt. 

In view of the above considerations, the applica- 
tion of plasma etching to thick film resist removal did not 
look very promising, and, consequently, no further effort was 
expended in this task. 
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G • Wafer Pr i nting 

The current thick film printing technology was 
reviewed and some of the anticipated problem areas were 
investigated. The current high-speed automatic thick 
film printing equipment was found to be completely ade- 
quate for standard catalog sold devices such as resistor 
networks or panel displays. A large size silicon solar 
cell application would, however, require a special de- 
sign in order to achieve any degree of automation. An 
illustrative example of a typical problem area which would 
be encountered with this process procedure is discussed 
below with some suggested modifications. 

The wafer printing process entails the follow- 
ing sequential steps: loading, printing, leveling time, 
drying, and unloading. The printing machine can operate 
at a potential rate of 7200 wafers per hour with the re- 
striction that three-inch wafers be used. With the double 
head feature, it can operate at the potential rate of 7200 
wafers per hour, independent of wafer size. By using the 
former option, it was found that the required furnaces and 
dryers would be prohibitively expensive and large and 
would also consume a significant amount of floor space. 

Ar example that illustrates the floor space prob- 
lem entailed by current thick film printing equipment is now 
presented. Assume that a 3.5 inch diameter wafer is printed 
at the rate of 7200 wafers/hr., and that the leveling time 
and IR drying time require up to five and fifteen minutes, 
respectively. Also assume that the belt width of the fur- 
nace is three feet so that ten wafers can be loaded into one 
row. If this is the case, then the required speed of the 
furnace belt will be four feet per minute and the total length 
of the belt will be eiohty feet.. Furthermore , make the assump- 
tion that the unloading device requires a minimum lenqth of 
two feet. By takino into cons i dera t i on the dimensional aspects 
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of the above components, it is clear that the printing speed 
will be limited by the required floor space. 

This problem can be resolved if a tray-oven or 
overhead proofer, which is used extensively in the bakery 
Industry, is applied. This process technique can be util- 
ized in conjunction with a multilayer conveyor. For ex- 
ample, if a four layer tray conveyor is used, the overall 
length will be within the 25 foot range with a total oven 
height of five feet. This arrangement has the beneficial 
feature of allowing the installation of the drying chamber 
overhead, thus eliminating the need for excessive bottom 
floor space which could serve alternate functions. The 
only difficulty foreseen with this method is the loading 
and unloading process which will require a special design 
in order to prevent breakage of the silicon wafers. 

There are several varieties of loading devices 
which are available in today's market such as vibratory 
bowl feeding, stack-type magazine and shelf-type magazine. 
The only suitable method found applicable to silicon wafers 
is the shelf-type magazine. This is the only method which 
incorporates the prevention of contamination or damage to 
the wafer surface and also protects the cell from breakage 
due to mishandling. The problem encountered by this method 
is that the magazine is unable to hold many wafers. If the 
printer operates at the rate of 7200 wafers/hr. then one 
magazine will be cured in only 1.5 minutes. Consequently, 
multiple magazines would be required in either a multi- 
position shuttle arrangement or in a multiple magazine 
carousel. Similar problems exist at the unloading station 
where the printed wafers are to be loaded into carriers 
which are used in the wafer plating process. 
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A final problem that should be considered in the 
wafer printing process is screen wear. A typical stain- 
less steel mesh screen with emulsion is capable of endur- 
ing between 10,000 and 20,000 printings. Therefore, at 
the rate of 7200 wafers per hour, the screen will be ren- 
dered ineffectual every two hours. Recently a new type of 
screen has been developed with the capability of perform- 
ing up to 50,000 printings. As a consequence of this de- 
velopment, the problem of screen abrasion is not considered 
to be a significant deterrent toward the attainment of 1986 
production goals, if this screen performs as projected. 

Most of the technology required for high speed 
printing is already within present day capabilities. A 
general review of currently available thick film printing 
equipment has provided the indication that state-of-the- 
art technology can adequately transform the throughput 
capability of the current machines to the elevated rate of 
7200 wafers/hr. 

The manufacturers possessing this capability in- 
clude Presco Division of Affiliated Manufacturing, Inc., 
Universal Instrument Company, and Fursland Division of 
Hutchington Industrial Company. A cost analysis was per- 
formed with the Fursland Model 33 since it is an automated 
version of the equipment then in use at Sensor Technology, 
Inc. The Fursland Model 33 has a wafer throughput rate of 
3000 wafers/hr. The SAMICS calculation indicates that the 
printing process cost accounts for 1.08 cents per peak watt 
and the drying* process cost accounts for 0.61 cents per 
peak watt. The total printing process cost thus becomes 
1.69 cents per peak watt in terms of 1980 dollars, which 
is consistent with the 1986 LSA pricing goals. 


*A tunnel dryer, 3 ft. wide and 26 ft. long, having a belt 
with a speed of 1.7 ft. /min. was used to perform the cost 
analysis. 
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H. Low Pressure Vapor Metal Depositions 

The original plan devised for this task was form- 
ulated exclusively to investigate the deposition of copper 
onto p+ silicon wafers. The low pressure vapor metal depo- 
sition of copper would serve as an ohmic back contact. 

Despite the fact that ASM and the Tylan Corp . , 
which reportedly possessed vapor metal deposition equip- 
ment were contacted, neither was found during the sched- 
uled time phase of this program task to have successfully 
performed copper depositions. Consequently, any conclusive 
results pertaining to the viability of this process cannot 
be reported. 

I . Wafer Plating 

The electroless nickel wafer plating process was 
utilized in large-scale production by Sensor Technology, 

Inc. and was considered to be one of the lowest cost metal- 
lization processes currently practiced by the solar cell 
industry. It was found in this program, however, that the 
wafer plating process equipment, while considered to be 
very low-cost for the present and near term, was not suffi- 
ciently cost effective to meet the 1986 LSA cost goals. 

The el ectrol ess nickel plating process equipment 
had two aspects which precluded this process from meeting 
the 1986 LSA cost goals. The first one involved an inade- 
quate synchronization of tank sizes and process times there- 
by making an uninterrupted production line difficult to 
achieve. The second dealt with the heating of the plating 
solution. The electroless nickel plating bath utilized a 
direct immersion heater which consumed the nickel plating 
solution due to the deposition of nickel over the heating 
element. A new, synchronized, high throughput wafer plat- 
ing system with an indirect heating feature was definitely 
needed in order to achieve the 1986 LSA cost goals. 
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Wafer plating process equipment was designed and 
constructed to circumvent the undesirable process aspects 
of our wafer plating system. A sketch of the electroless 
nickel wafer plating system is shown in Figure 17. The sys- 
tem has the capability of being fully automated. It has a 
wafer throughput capacity of 1800 wafers/hr. for three to 
four inch diameter wafers. 

The size of each tank was determined from the 
criterion of allowing standard wafer carriers of all sizes 
to be utilized. The etchant and primer tanks are small be- 
cause their process times are faster than the other process 
steps. Four electroless nickel plating tanks with heating 
elements are included. The four tanks were needed due to 
the fact that the nickel plating solution consumption rate 
is large, the process time is long, and the time requi red 
to heat the solution to 83° to 85°C is relatively long (fif- 
teen minutes). By utilizing four plating tanks, no inter- 
ruption in production will occur as the result of solution 
preparation, since at least one tank will always be in an 
operational condition during the time period that another 
tank is being replenished. 

Initial operation of the process begins when the 
wafers are placed into a hydrofluoric acid etchant tank for 
30 seconds and then moved to the gold solution primer metal 
bath for 30 seconds. Next, the wafers are stored in the 
overflow rinse tank. After repetition ot two cycles of this 
process, a total of six wafer carriers is collected at the 
overflow rinse tank. These six carriers are then placed 
onto a carrier basket which travels to the electroless nickel 
plating tanks where the wafers are processed for five minutes. 
The wafers are then moved into a two-stage cascade rinse 
tank where they remain for ten minutes (five minutes in each 
tank ) . 
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An electroless nickel plating optimization study 
was initiated following the installation of the new wafer 
plating system. The major problem which had to be over- 
come in the optimization study was the reduction of the 
material consumption rate without causing a corresponding 
degradation in the plating performance capability. Three 
hundred 90 millimeter silicon wafers were processed in 
order to establish the feasibility of reducing the material 
consumption rate. A large portion of these 300 wafers was 
taken directly from Sensor Technology's solar cell produc- 
tion line. 

The important findings resulting from this pro- 
cess study are listed as follows: 

a. The consumption rate of the gold solution 
was reduced by a factor of one-half. 

b. The nickel solution usage time was extended 
by a factor of four. 

c. The overall processing time was reduced by 
20 *:. 

d. The plating uniformity due to the new system 
had reduced the variations in cell power out- 
put from 14.7? to 4.6?. 

e. The process yield was significantly increased. 
All 300 wafers were defect free. 

The major contributing factor responsible for the 
improvements described above lies entirely with the use of 
the new, large sized bath with uniform solution and precise 
temperature control. A comparison among various charac- 
teristics of the new larger-sized bath and the formerly used 
bath will further illustrate this point. 

The new gold bath has an eight liter capacity, 
whereas the former bath had a gold solution capacity of only 
three liters. The new nickel plating bath functions by means 
of indirect heating of the walls, while the former nickel 
bath used a directly submerged heating element. Consequently 
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the solution temperature variation in the new batch was 
♦2°C, whereas the former nickel bath had a +5°C tempera- 
ture variation. The new nickel batch maintains precise 
temperature control and hence good solution uniformity. 

The former nickel bath had localized heat variations in 
the vicinity of the heater element. The localized heat 
variation of the former nickel bath was observed to cause 
breakdowns in the resist, since the resist could not with- 
stand temperatures in excess of 85°C. In spite of the fact 
that the former nickel bath was maintained at 80°C, the 
average temperature at the wafer surface may have been 
higher due to poor convection of the solution. 

All of these facts make it apparent that the old 
nickel bath solution became quickly contaminated with re- 
sist, which in turn caused the usage time of the solution 
to be significantly reduced. In addition, a newly in- 
stalled agitation system underneath the nickel bath proved 
to be very effective in maintaining the solution uniformity. 
An increase in bath temperature to 80°C did not lead to re- 
sist failure and the reduction in processing time from 5 to 
4 minutes has not been found to sacrifice plating perform- 
ance. 

The new electroless nickel plating system which 
was designed, constructed and tested in this program has 
been shown to lead to a cost effective metallization pro- 
cess which meets the 1986 LSA goals. The SAMICS results 
show the cost of this wafer plating process to be 5.85 cents 
per peak watt in 1980 cents. The electroless nickel wafer 
plating system is, therefore, highly recommended for the 
1986 LSA solar cell industry. 
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J. Solder Coating anc 1 Flux Removal 

The two most widely used production line solder 
coating methods in the current semiconductor industry are 
solder dipping and wave soldering. The solder dipping 
method utilizes a single process cycle to solder coat one 
wafer at a time. The wave soldering method utilizes two 
process cycles; each cycle solder coats one side of a wafer 
at a time. The solder dipping method, while found to be 
more economical than the wave soldering method, was also 
found to have an insufficient throughput rate when com- 
pared to the 1986 ISA goals for solar cell production. A 
solder dipping method that replaces single wafer dipping 
with multiple wafer dipping was required. 

A teflon carrier was fabricated and tests were 
performed for the purpose of establishing the solder coat- 
ing characteristics of silicon solar cells processed by the 
multiple wafer dipping method. All studies were conducted 
in an existing 6" x 6” x 6" solder bath with 60/40 lead/ 
tin solder. 

The crucial parameters investigated in the ex- 
perimental study were as follows: 

• carrier design 

• dipping d i recti on 

• wafer surface orientation 

• pre-heat temperature 

• cell temperature 

The carrier design was dependent upon the size of 
the available solder pot. A teflon carrier was fabricated 
to hold ten 90 mm diameter silicon wafers. A wafer stop 
was added to prevent the wafers from floating out of the 
slots in the carrier during the dipping process. A ten-inch 
handle was also added to assist in the manual dipping operation. 
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The carrier dipping direction was always ver- 
tical with respect to the solder pot. It was required 
that the wafers be in a vertical orientation when dipped 
to prevent breakage. It was also found to be necessary 
to shake the wafer carrier after dipping and to place the 
solar cells in a horizontal position to prevent non-uni- 
formity of the solder coatinqs. 

In the automated P.C. board industry, an air 
knife-edge is used to replace the manual technique dis- 
cussed above to produce uniformly solder coated solar 
cells. This technique was used in the SAMICS analysis 
discussed in a later section of this report. 

The operating temperature of the solder bath 
was found to be very important for multiple wafer dipping. 

At a temperature of 450°F (232°C), the solder coagulated 
on both the front and back surfaces of the solar cells 
which indicated that this temperature was too cold. When 
the temperature was raised to 500°F, (260°C) good solder 
coating uniformity was observed only after adopting the 
dipping procedure which involved the removal of excess 
solder by shaking the vertically positioned solar cells 
and then cooling the cells in a horizontal position. 

When the dipping operation was carried out at this temp- 
erature without utilizing this procedure, the solder coag- 
ulated in isolated segments on the back surface of the 
solar cell, which resulted in non-uniform solder coatings. 
For temperatures in excess of 600°F, ( 3 1 6 0 C ) the cells 
incurred excessive breakage due to thermal stresses. The 
thermal stresses could be relieved by preheating the wafers, 
a common technique used in the P.C. board industry, but 
this was not investigated in detail in this program. Con- 
sequently, it was concluded that the optimum temperature 
range providing solar coating uniformity for multiple wafer 
dipping was 500 to 550°F with the restriction that the 
dipping procedure described above is utilized. 
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Three flux removal process methods were studied 
in this program mid are listed as follows: 

• D. I . water ri nse tank 

• D.I. water cascade rinse system with nitrogen 
bubblet 

• 0.1. water cascade rinse system with ultra- 
sonic agitator 

The first method was found to be unsuitable be- 
cause flux residue was observed on the surface of the D.I. 
water which coated the solar cells when they were removed 
from the rinse water. The second method was also found to 
be ineffective in cleaning the flux off the solar cells. 

The third method which utilizes a D.I. water cascade rinse 
system with ultrasonic agitator was found to be an excellent 
method for flux removal. 

The process sequence consisted of a three-stage 
D.I. water cascade rinse system with ultrasonic agitator. 

The process time was two minutes for each stage. The water 
temperature was 90°(. . The high D.I. water temperature will 
allow one to dry the wafers in a clean room environment and 
thus eliminate any heater or oven eguipment which is typi- 
cally used in present systems. The D.I. water cascade rinse 
with ultrasonic agitation in the first tank is a highly rec- 
ommended flux removal process. 

K. Si Ij con Nitride AP Coating 

Development of high efficiency, low-cost solar cell 
requires the utilization of a low-cost process procedure 
for applying a nt i * e r 1 ec t i ve coatings. The method utilized 
by Sensor Technology at the time of this investigation was 
silicon monoxide evaporation. This process step was ex- 
pensive due primarily to its low throughput capacity and 
high electrical power consumption rate. In order to meet 


future pricing goals, It would therefore be desirable to 
formulate a new, more efficient and low-cost AR coating 
process method. 

K1 . Current Technology 

One of the most technologically advanced AR 
coating methods now in existence is silicon nitride coat- 
ing by means of plasma deposition. Considerable effort, 
therefore, was channeled toward the investigation of this 
technique. 

Initial work was directed toward identifying 
the most advantageous method available for the plasma 
deposition of silicon nitride onto silicon solar cells. 

Four companies were considered. They include Texas 
Instrument (T.I.), Advanced Material Technology (AMT), 

Tegal Corporation, and LFE Corporation. Among the four 
representative systems, the T.I. and AMT system charac- 
teristics were almost identical. Due to this similarity 
the T.I. system will not be considered in this discussion. 
Although a large number of parameters was used in the 
evaluation of each system, only the most crucial param- 
eters are discussed below. 

The key process information pertaining to the 
three companies is given in Table 12. It is clear that 
the LFE system maintains a minimal power and gas consump- 
tion rate in relation to the other systems. The concen- 
tration of silane gas used by the Company A and B systems 
approaches the six to eight percent range as opposed to 
the LFE system which consumes only one and one-half percent. 

The wafer throughput of each system is a param- 
eter of far-reaching significance. The throughput com- 
parison of the three companies is given in Table 13. This 
table displays two throughputs; one is indicative of the 
recharacterizing process, and the other is not. Both the 
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Comparative Operation and Information of Silicon 
Nitride Ant i ref 1 ecti ve Coatinq Manufacturers . 


* * 
& 

m o 



* id 

CM 

O 

s 

N 

01 *H 


\ 

IN 

C G 
m n 

♦ 

1-3 

CM 

H | 


o 

• 


CL 

CM 

o 

O) < 

O 

r* 


g 


V 

cn 

N 

So 

s 

44 

o 

o 

CM 

• 


t 

25 

VO 

CM O 


+ <d 

a> -h ~ 

§ c m 

O ~ 




(N 

CM O 


(0 

C 

0 (0 

0 O 

g * 

01 • 

U n* 

am >, 

in m 
>« - 0) 
+>m > 

Q) (ft <|) 

44 

<d - tft 

co n c 

** -H 

S s S 

id c a/ 

<U H 
id 4J o 
0) as 
n a — » 

id g 

a) cn e 

tft • -h 

id D c . 

O « 6 5 
N W ~ u 
(0 4) 

OTJ >, 

hoo!; 

<d Md A) 

*h a c > 
O 5 <y 
}dg 

a 0 a |n| 
W N 0 m 
C O 3 

10 0) 0) MH 
V 4J U i d 
n Id 

*H a. I CQ 
3 

cruu.i 

<u &4 a 

« J hJ < 


H « 

C 
• id 

tft a -h 

C *H 

•H *N * 

M 

c o> 
oi cr > 
h h a> 

u «8 

m o a 

0) 4J 
4J ♦% 

IN 0) CO 
Id s 6 
<0 « 

*0 

<U T5J3 
N 0) O 
■H V N 

n to a 
01 0) 

(ft C 0) 
O (ft O > 
Id d*N 
N (0 4J 
id id 

x:ioc 

O H H 

a) £ 
n cn id 
C N 

a> *n c 
j5 c o 
id o 

4 J Q) 

(OH || 

3 O N 
6 <d 

N f-4 

tO C 3 

» 0) u 

0) 3 H 

a o’n 

O <D U 
u u id 
a in a 


N 3 
0) * 


(0 0 

3 N 


W U 


only marginally effect! 



t Table for S 1 1 1 c 6 rf'N 1 1 r 1 d e Anti ref 1 ecti ve 
turers . 



Throughput computed without recharacterizing 








A and B company systems require recharacterizing processes 
due to the severe particulate "sandstorm" caused by the 
batch system design. Often this recharacterizing process 
is required for MOS applications. Even without taking into 
account the recharacterizing process, the LFE system demon- 
strates high wafer throughput. 

The important direct process costs for each pro- 
cess method have been estimated and a comparison is shown 
in Table 14. These estimates do not take into considera- 
tion such factors as overhead, floor space, and equipment 
costs. However, the above estimates can be used to elicit 
a relative comparison among the different systems. The re- 
sults indicate that the process costs of the LFE system are 
only one-eighth that of Company A and only one-third that of 
Company B. Even though these estimations yield only approx- 
imate results, it is apparent that the LFE system will pro- 
vide greater cost effectiveness than the other systems. 

The results of the silicon nitride plasma depo- 
sition systems study discussed above show that the LFE sys- 
tem will provide the greatest efficiency both in terms of 
technical capability and operating costs. 

A comparison will now be made between LFE's Sys- 
tem 8000 and Sensor Technology's SiO Kenney evaporation 
system. The process costs for both systems have been com- 
puted in accordance with the SAMICS method which makes the 
underlying assumption that the wafer diameter is 90 mm and 
the peak watt output is 0.653 watts. The monetary values 
are in 1980 dollars. The results are specified in Table 
15. These results indicate that the evaporation method 
is approximately twice as expensive as the LFE plasma depo- 
sition method. It also shows that the evaporation process 
will require considerable developmental improvements in 
order to achieve automation and to reduce power consumption 
while the LFE system will require a reduction in the equip- 
ment cost or an increased wafer throughput. 
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Table 14. Direct Wafer Process Cost for Silicon Nitride 
Anti ref 1 ecti ve Coating and Manufacturers. 



Note: This analysis was made in 1978. Although relative price 

ratios are expected to remain approximately the same, 
absolute values have changed. 






In view of the above considerations, the LFE 
System 8000 was selected as a potential mechanism for 
depositing silicon nitride anti ref 1 ecti ve coatings onto 
silicon solar cells. Consequently, a detailed descrip- 
tion of the LFE System 8000 will be presented along with 
the proposed equipment modifications designed to elevate 
the existing silicon wafer throughput. 

K 2 . Descript i on of the LFE System 8000 

The LFE System 8000 is presently being utilized 

O O 

by semiconductor manufacturers to deposit 500CA to 8000A 
of silicon nitride onto silicon wafers, in part to provide 
a hermetic encapsulant. A simplified diagram which de- 
lineates the overall system design can be found in Fig- 
ure IS. 

The LFE System 8000 is composed of a vacuum pro- 
cessing chamber which contains fi*'G separate process zones 
with the wafer receiving 20-'- of its total film in each zone 
in a sequential manner. The wafer must pass through a 
vacuum lock at the entrance to the chamber and exit the 
chamber through an identical vacuum lock after it has been 
processed at all five process locations. Upon completion 
of this procedure, a fully coated wafer will emerge every 
120 seconds. This figure incorporates the 60 seconds ex- 

o 

pended for the plasma deposition of 800A of silicon ni- 
tride onto the silicon wafers, as well as the 60 seconds 
required for the wafer movement through a vacuum lock on 
the main track. The wafer throughput of this system is, 
therefore, only 30 wafers per hour. This throughput rate 
will need to undergo considerable improvement in order 
to conform to the stipulations set forth in the 1986 LSA 
pricing goals. 
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Figure 18. LFE 8000 System for Silicon Nitride Anti ref 1 ecti ve Coating. 


K3. Possible Modifications to the LFE System 8000 

for an Enhanced Wafer Throughput 

Feasible modifications of the LFE System 8000 
silicon nitride plasma deposition equipment could be made 
which would significantly enhance the wafer throughput 
beyond the present rate of 30 wafers/hr. A new wafer 
throughput rate of 300 wafers/hr. could be achieved In 
order to arrive at this goal, the total processing time 
must be reduced from two minutes to one minute. This re- 

O 

duced processing time includes 40 seconds to deposit 800A 

O 

of silicon nitride (at a rate of 1200A per/min.) and 20 
seconds to load and unload the wafers. Five wafers could 
be deposited simultaneously, i.e., each wafer will make 
only one stop within the process chamber instead of the 
present requirement of five stops. 

The system operation would then be divided into 
two time periods. In the first period, movement of five 
unprocessed wafers into an entry lock from the sender will 
take place at the same time that five processed wafers are 
moved out to the exit lock into the receiver. While this 
vafer movement occurs external to the chamber, wafer depo- 
sitions will take place within the chamber. 

In the second time period, a sequential movement 
of five proce- sed wafers from the process chamber into the 
exit locks, and then a movement of five unprocessed wafers 
from the entry lock into the process chamber will take 
place. This process sequence would occur within the allowed 
processing time to achieve the enhanced throughput goal of 
300 wafers/hr. 

The key design modifications which will facili- 
tate an enhanced wafer throughput are as follows: 


(a) The wafer velocity on the process track 
should be increased and the positioning control improved. 

It is imperative that the wafer velocity on the process 
track be increased from 2" per second to 3" per second. 

This can be achieved by redesigning the vibratory sub- 
system so that an upper velocity limit is established. 

Since each wafer must be accurately positioned in the 
process zone in order to obtain the proper degree of film 
uniformity, it is necessary to provide a "stop pin" on the 
process track. The stop-pins retreat into the track dur- 
ing wafer movement and then resurface when the wafer 
approaches the proper position. The wafer movement is 
controlled by a microprocessor which receives wafer posi- 
tioning data from the capacitive sensors which are im- 
bedded in the process track. The microprocessor controls 
the turn-on of the vibratory mechanism and the mode of the 
stop-pins in accordance with the particular timing sequence 
under consideration and wafer positioning information. 

(b) The wafer transition time through the vacuum 
locks should be decreased. The transition time of a single 
wafer from the sender to the vacuum lock, and then from the 
vacuum lock to the process chamber, is 30 seconds for the 
present system. In order to move five wafers through this 
sequential transition operation within a 40 second time 
period, a new design is required. This new design has a cas- 
sette mechanism located within the entry lock (and also the 
exit lock) allowing for a buffer of five wafers in the "ready 
zones, namely, the entry and exit locks. As each wafer moves 
into the lock cassette, the cassette will index up (or down) 
one notch in preparation for the next wafer until oil five 
wafers are received (or dispatched in the case of the exit 



The technical staff at LFE Corporative has accum- 
ulated extensive experience with the System 8000 and could 
foresee no immediate problems associated with the adoption 
of the state-of-the-art equipment modifications described 
above. 

K4 . Pe rf o rman c e Verification Test of the LFE System 
800 0 a nd Ana lysis of Silicon Nitride AR Coatings 
on Sol ar Cell s 

A performance verification test of the LFE System 
8000 silicon nitride plasma deposition equipment was made. 

This test was implemented by comparing the I-V curves of tex- 
turized silicon solar cells which had undergone the silicon 
nitride AR coating process with the I-V curves of identically 
processed (same batch) sclar cells without an AR coating. 

Upon analysis of the average I-V curves, which are shown in 
Figure 19, it was found that the texturized solar cells coated 
with silicon nitride displayed a significantly improved elec- 
trical performance over the uncoated texturized solar cells. 

To illustrate this point, I „ for the AR coated 

sc 

cells was found to be 1.42 amps with a corresponding effi- 
ciency of 11.3?, whereas, for the uncoated cells, I was 1.25 
amps with a corresponding efficiency of 9 . 9\>. Therefore, a 
relative improvement in electrical performance of 14.1? was 
achieved through the application of silicon nitride AR coat- 
ings to texturized silicon solar cells verifying the per- 
formance of the LFE System 8000 silicon nitride plasma depo- 
sition equipment. 

A solar cell electrical performance analysis was 
also conducted to determine the feasibility of inserting an 
anti reflective coating step within the overall solar cell 
process sequence. A silicon nitride AR coating was applied 
to texturized silicon wafers after tne P 0 C 1 ^ diffusion step 
and prior to the metal 1 i zation process sequence. 
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Figure 19. Electrical Performance Curves of Texturized Solar 
Cells with and witnout a Silicon Nitride (Si^N.) 
Ant i ret 1 ec t i ve Coating^ The Solar Cells are 1 ^ 
Hexagonal with 50.8 u' 1 ’ Active Area. They are 
Tested at 28°C, 100 mW/cm? under Tungsten Light. 
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Immediately after recording the solar cell elec- 
trical performance, the antiref 1 ecti ve coating was removed 
with HF and then the electrical performance was recorded 
again. The two sets of data are shown in Figure 20 and 
are also tabulated in Table 16 for comparison. 

The difference in photovoltaic energy conversion 
efficiencies was substantial; a 31% difference was observed 
between AR coating and the same solar cells with the AR 
coating removed. The number of solar cells tested was *oo 
small to formulate any definite conclusions; however, there 
is an indication that improved solar cell efficiencies are 
possible by means of an in-process AR coating procedure. 

It is recommended that a detailed and thorough investiga- 
tion of the application of in-process AR coatings for solar 
cells be performed. 

K5. Cost Anal ysis for t he Modified LFE System 8000 

A SAMICS cost analysis was performed to compare 
the present LFE System 8000 process sequence with the mod- 
ified process sequence discussed above. The process cost 
for the 300 wafer/hr. modified silicon nitride plasma depo- 
sition system was computed on the basis of the following 
assumptions: 

(a) The electric power consumption rate will 
increase by 35:' due to the power require- 
ment of the vibratory structure. 

(b) The equipment cost is expected to increase 
by approximately 35?;. of the current price 
due to the addition of a transition buffer 
system and larger microprocessor unit. 

(c) The material consumption rate is propor- 
tional to the deposition rate which will 
remain identical to that of the current 
LFE 8000 system. 
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Figure 20. 


VOLTAGE (Volts) 

Electrical Performance Comparison between Tex- 
turized Hexagonal Solar Cells with and without 
Silicon Nitride (Si,N.) AR Coatings. Si, N. was 

Applied in process. * Cells have an J q 
Active Area of 45 cnr and were Tested at 28°C 
Under 100 mW/cm? Tungsten Light. 
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Table 16. Electrical Performance Comparison between Tex- 
turized Hexagonal Solar Cells with and without 
Silicon Nitride (S1 3 N.) AR Coatings. SijN., was 
Applied in process. Cells have.an Active Area p 
of 45 cm* anu were Tested at 28 C under lOOmW/cm 
Tungsten Light. 
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I 

I 


Cell 

No. 

Iso (a) 
Hex 

Voc (v) 
Hex 

Ipp (a) 
Hex 

Vpp (v) 
Hex 

Ppp (w) 
Hex 

PP 

Hex 

0 (%) 
Hex 

t 

— — — - - - - - . - - 1 

P0C1 3 , 

Texturized, 

Si 3 N 4 (in process) 

Solar Cells 



1 

1.43 

.61 

1.27 

. 4 7 D 

.603 

.691 

13.41 

2 

1.41 

.61 

1.27 

.475 

.603 

.701 

13.41 

Avg. 

i.42 

.61 

1.27 

.475 

.603 

.696 

13.41 

I 

poci 3 . 

Texturized 

, A. R. Coating Removed, Solar Cells 



1 


.595 

1.00 

.465 

.465 

.704 

10. 33 

2 


. 590 

. 98 

.465 

.465 

.703 

10.13 

Avg. 


.592 

.99 

. 465 

.465 

. 703 

10.23 
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The results of a detailed SAMICS calculation of 
the silicon nitride Aft coating process are shown In 
Table 17. lhe SAMICS result of 5.59 cents per peak watt 
In 1980 cents for the modified LFE System demonstrates a 
near order of magnitude decrease relative to the unmodi- 
fied system. Although 5.59 cents per peak watt in 1930 
cents is high, this process cost is still consistent with 
the 1986 ISA nricing goals for the overall cost of the 
wafer. 

L . Laser Tr imm i_n g and Holing Op e r a t i o n 

The concept of hexagonal solar cell trimming and 
holing by laser was formulated exclusively by Sensor Tech- 
nology, Inc. in response to the overwhelming need for high 
efficiency, low-cost solar cells and solar cell modules. 

The advantages derived from using a laserscrtbe 
to cut hexagonally shaped solar cells from round solar 
cells are two-fold. The first advantage lies in the sig- 
nificantly increased solar cell module packing efficiency 
available from hexagonal solar cells in relation to round 
solar cells. This improvement in packing efficiency Hll 
serve to reduce the overall module packing material ft nd 
surface area requirements for any designated module power 
output. Ostensibly, however, the reduction in space util- 
ization described above will occur only at the expense of 
silicon wafer material utilization, since the hexagonal 
wafers are scribed directly from larger area round wafers, 
lo circumvent the d i sadvantages associated with the trade- 
off between silicon material utilization and module pack- 
ing efficiency, it was concluded from a former study 
(ERDA/JPL-954605-78/5 Final Report) that a compromise in 
the form of a modified hexaoon, as shown in Fiaure 21, 
will lead to an optimal utilization of silicon material. 


Table 17. The 1986 Antireflective Coating Process Cost 
in 1980 Jollav's Per Peak Watt. 



LFE System 

8000 

Modifieu LFE 
System 

Equ i pment 

0.2103 

0.0260 

Floor Space 

0.0248 

0.0017 

Labor 

0.0535 

0.0132 

Material s 

0.1320 

0.0112 

Util i t i e s 

0.0232 

0.0038 

Total 

0.4438 

0.0559 



Silicon material cut away 


R = radius of silicon wafer 

0 = half secant angle of a 
modified hexagon 

0 = 30°, half angle of a 
n full hexagon 


Figure 21 . 


Definition of d Modified Hexagon. 
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The second major advantage derived from laser- 
scribing hexagonal solar cells was first discovered in JPL 
Contract 954605. It was found in that program for the 
development of low-cost, high energy-per-uni t-area solar 
cell modules that the laserscribe can reduce junction cur- 
rent leakage losses by trimming the edges of solar cells; 
it can cut through the p-n junction (without conductive 
coatings) without damaging the junction; and that the 
junction current leakage caused by edge effects from the 
laserscribe is uniform, consistent and very small. 

A major new concept developed in this program 
utilizes the laserscribe to cut a hole in a solar cell. 

This holing or trepanning operation involves the removal 
of a circular plug at the wafer center. This technique 
is imbued with a dual purpose. The central hole is an 
integral component of a novel solar cell design (see 
Task Q) which utilizes central hole current collection, 
as opposed to the conventional method of edge current col- 
lection. In addition to enhancing the power conversion 
efficiency of these solar cells, the central hole will 
facilitate module fabrication by reducing the number of 
required solar cell interconnections. 

In view of the above considerations, it is 
evident that the laser trimming and holing operation will 
lower the overall module processing costs and contribute 
to an improvement in solar cell power conversion efficiency. 
The Ouantronix Corporation Model 603 laserscribe system 
shown in Figure 22 had the technological capability of laser 
trimming and holing, however, a special computer program 
was required which allowed us to achieve this laser trimming 
and holing objective. Quantronix Corporation was therefore 
subcontracted to develop a hexagon/central hole computer pro 
gram logic board and to program accordingly the Model 603 
laserscribe. 




The hexagon trimming and holing operation pro- 
gram consists of three main features. A special servo 
program permits motion of the table (or wafer platform) 
in straight line segments at arbitrary angles thereby 
generating standard, hexagonal, or circular patterns with 
respect to the X-Y axes. The laser trimming and/or holing 
operation can occur through one of the following six op- 
tional subroutines. 

OPTION 1. Standard X-Y laserscribe program as 
specified by Quantronix Corporation. 

OPTION 2. Scribe hexagon with the following 
inputs : 

a) Wafer diameter speci f ied by two 
digits, i.e. X.X inches. 

b) Radius of circumscribed circle 
from one inch to two inches speci- 
fied by three digits, i.e. l.XX 
inches. 

c) Corner cut specified by three dig- 
its i.e. .XXX where 0, if given, 
means no cut. 


OPTION 3. Scribp hexagon in half from point-to- 
point. 

OPTION 4. Scribe hexagon in half perpendicular 
to Option 3 or from the center of one 
side of the hexagon to the center of 
the opposite side. 

OPTION 5. Central hole cut with the following 
characteristics: 


a) Holing process begins with wafer 
center placed within ♦ 5 mils of 
hexagon center. 

b) Diameter restricted to lie within 
range of 100-500 mils. 

OPTION 6. Generation of central hole in con- 
junction with scribed hexagon as speci 
fied in Options 2 and 5. 
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A special monitor program produces the appio- 
priate position coordinates and velocity data. Special 
hardware enables the above patterns or options to be 
produced with accuracy at high speeds. 

Experiments were performeo to deiaoi strata the 
capability of the laser scribe with logic board to scribe 
and trepan (or hole) hexagonal solar cells. In their 
final report to Sensor Technology, Quantronix Corporation 
presented documentation of their studies, and concluded 
that their laserscribe and logic board yield favorable 
results. This was confirmed by Sensor Technology on 
its laserscribe equipment. The results are discussed 
below. 

The silicon solar cells were scribed by laser 
and the excess removed by breaking away in order to in- 
vestigate the feasibility of mechanically removing all 
excess wafer material remaining after formation of the 
hexagonal shape. All wafer samples were inspected for 
edge quality and found to be acceptable. Of the sample 
lot of ten wafers which was processed for the mechanical 
wafer cracking experiment, one wafer was broken across 
the wafer face, which constitutes a failure. However, 
the ease with which cracking occurred demonstrated the 
feasibility of the method. 

The viability of laser trepanning silicon solar 
cells was tested. Quantronix Corporation was completely 
successful in their experiments. After making some nec- 
essary optical adjustments involving the laser focal 
point depth for cutting a central hole, Sensor Technology 
achieved very good results. The laser holing operation 
was tested with twenty-five wafer samples under the fol- 
lowing process parameters. 


.1 

:i 

.1 
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Number of Samples: 

Laser Power: 

0 Switch F requency : 

Laser Mode of Operation: 
Table Speed: 

Number of Passes: 

Cutting Time: 

Hole Diameter: 


25 

17.5 watts 
10 KHz 

" B " 

I’.O in. / .ec. (in linear cutting mode) 
12 

10 seconds 
0.2 inches 


Twenty-four out of twenty-five wafers were suc- 
cessfully scribed which constitutes a 96 yield factor. 

The operational simplicity, high yield factor, 
and demonstrated technological capability of the laser- 
scribe equipment in trimming and holing solar cells, are 
indicative of the overwhelming success of the laser trim- 
ming and holing operation. This technique is highly rec- 
ommended; however, in order to comply with the 1986 LSA 
production goals, it is essential that the laser trim- 
ming and holinq operation be fully automated. An indepth 
liscussion of laser trimming and holing automation is pre 
sented in Task M. 


M. Laser Trimming and Holing Automation 

The utilization of a low-cost, fully automated 
laserscribe system which maintains a hiqh volume through- 
put and large output yield, will be of central importance 
in achieving the 1986 LSA goals. Consequently, a study 
was devised which set out to identify a system possessing 
the above mentioned features, with the capability of accept- 
ing a batch of wafers in the form of a multiple track con- 
veyor. The system will receive wafers from the conveyor, 
orient and position the wafers, scribe and trepan the waf- 
ers, break along the hexagonal scribes and remove the tre- 
panned plugs, and finally, reload the finished wafers onto 
the conveyor. 
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Two potentially automated systems capable of 
laserscribing si^con wafers to produce hexagonally shaped 
wafers with central holes were identified and reviewed in 
order to establish the output capability, maintainability, 
reliability, and economic characteristics of each system. 

The first system considered was the parallel 
flow laserscribe system. It contains four dual beam lasers 
aligned as shown in Figure 23. Wafers are off-loaded from 
cassettes, aligned and loaded onto platens accepting eight 
wafers each. The loaded platen is moved to the X-Y table 
where it is keyed and locked in position under the laser 
beam. The table is programmed to scribe first the hexagon 
and then the central hole. 

The platen containing the scribed and trepanned 
wafers is next moved to the cracker unit where the edges 
and the center hole materials are removed from all eight 
wafers at the same time. The scribed and trepanned wafers 
are carried to the packer to be off-loaded from the platen 
and loaded into cassettes. The scrap is collected and re- 
turned by conveyor to the recycling station. Note that the 
various operations - loading/aligning, scribing/holing, 
cracking, and packing operations - are simultaneous steps 
timed so that each operation is accomplished in the same 
time interval. The time interval between wafer sets depends 
on scribing time and the time required between moves. 

A detailed cost breakdown fur the parallel flow 
laserscribing system with throughput rate of 4800 wafers 
per hour is presented in Table 18. The total cost per peak 
watt for the parallel flow laserscribing system in the 1986 
and 1980 cents, respec t i vel y , are 1.7886 cents and 1.3047 
cents . 
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Empty Platen 



















The second system considered was the serial 
flow laserscrlbe system. This unit is comprised of 2 
loaders, 2 aligners, 3 dual beam lasers, 4 trepanning 
(holing) lasers, 4 wafer crackers and a moving surface 
onto which are mounted, at evenly spaced intervals, 
wafer holding chucks as shown In Figure 24. One wafer 
at a time is removed from its storage container and 
transferred onto a holding chuck which carries the 
wafer through the scribing process. The wafer is moved 
along by conveyor to the wafer aligner where the wafer 
grid lines are oriented In preparation for scribing. 

The wafer is then passed under a dual beam 
laser whose beams are aligned and focused so that two 
parallel sides of a hexagon are simultaneously scribed. 

The wafer is next moved at constant speed to the chuck 
rotator which is indexed to turn the wafer 60°, and it 
will then be transferred to laser number 2 where the 
second pair of parallel sides is scribed. The partly 
scribed wafer is again rotated 60° and the last pair of 
parallel sides is scribed by laser number 3. The hexa- 
gon scribed wafer will be offloaded from the conveyor 
and then distributed to the trepanning (holing) scriber/ 
cracker units. Since it takes four times as long to pro- 
duce holes as to scribe the hexagon, four trepanner/cracker 
units are needed for each hexagon scriber unit. 

The finished wafers are finally off-loaded from 
the trepanner/cracker and loaded onto the carousel con- 
veyor which carries them to the packer where the scribed 
wafers are returned to storage containers. The empty 
chucks are transferred to the return conveyor and to the 
loader to receive the next wa‘er. The scrap silicon, 
meanwhile, is collected and returned to the recycling 
stat ion. 
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A detailed cost breakdown for the serial flow 
1 aserscr 1 bi nq system with a throughput rate of 7200 
wafers per hour, is presented In Table 19. The total 
costs per hour is presented in Table 19. The total 
system In 1986 and 1980 cents are 1.4903 cents and 
1.0878 cents, respectively. 

Upon comparison of the process costs of the 
two laserscribing systems in Table 18 and Table 19, it 
is evident that the serial flow laserscribing system is 
more cost effective than the parallel flow system. The 
critical cost factors for the serial flow system lie with 
the equipment and labor costs. 

On the basis of the analysis presented in this 
section, it can be concluded that the serial flow laser- 
scribing system displays the characteristics which are 
essential for achieving the qoals of the 1986 Low-Cost 
Solar Array Proqram. 

N . Laser Scanning Inspection 

An investigation of three types of wafer scanning 
procedures was conducted for the purpose of selecting a 
suitable method for the detection of mechanical defects 
In solar cells. 

The first method under consideration was the 
x-ray scanninq method which has a demonstrated capability 
of detecting mechanical failures. There is, however, a 
serious drawback with this method of scanning silicon 
wafers for the detection of mechanical defects. The suit- 
able technique for data acquisition of this type of x-ray 
scanning is not available at the current technology. This 
data acquisition problem could be eventually overcome, but 
only as the result of extensive study which is well beyond 
the scope of this task. 
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Table 19. Process Costs for Serial Flow Laserscrlbe 
System in Cents per Peak Watt. 



1986 Cents 

1980 Cents 

Equipment 

0.5179 

0.3780 

Floor Space 

0.0575 

0.0420 

Labor 

0.6713 

0.4900 

Material s 

0.0077 

0.0056 

Utilities 

0.2359 

0.1722 

Total 

1.4903 

1 .0878 



The second method investigated was IR-Micro- 
Inspection developed by Electrophysics in New Jersey. 

It was found that w'th this method, the detection of 
soldering faults would be extremely difficult, and con- 
sequently, this procedure was not suitable for our re- 
quirements . 

The third method investigated was laser scan- 
ning. This method for detecting mechanical defects in 
silicon material is presently being studied at the Jet 
Propulsion Laboratory, and a commercially available sys- 
tem is being manufactured by Advanced Semiconductor 
Materials Laboratory in Phoenix, Arizona. The JPL laser 
scanning system appeared to have favorable prospects. 

Its potential optimization, however, and its practicality 
for production line applications requires further study. 

The ASM laser scanning system is available for production 
applications and was found to be the most suitable scan- 
ning technique of the three methods considered. 

An indepth analysis was made of the ASM Auto- 
matic Surface Inspection System (ASIS) in order to accu- 
rately assess its feasibility for use in production line 
applications. In this capacity, samples of silicon solar 
cells with nickel metallization and solder, and also nickel 
metallization without solder on texturized and untexturized 
cells were provided for the performance verification tests 
of the ASIS equipment. The primary objectives of the per- 
formance verification tests were as follows: 

• Detection of micro-cracks. 

• Detection of floating metal. 

• Detection of breaks in metallization which 
develop during the plating process. 

• Detection of saw damage. 

• Detection of soldering defects. 
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The current equipment is designed specifically 
for the inspection of 3" diameter wafers, but with the 
incorporation of minor equipment modifications. Its range 
of applicability can be extended to 90 mm diameter wafers. 

The ASM Automatic Surface Inspection System 
(ASIS) is an MPU-control 1 ed system that quantitatively 
measures the defect level present on a highly reflective 
surface. Primarily designed for application in the semi- 
conductor industry, the ASIS system can automatically mon- 
itor critical processing steps. 

During the course of experimental studies, it 
was shown for polished surfaces that major cracks greater 
than 15 mils, saw damage, and fingerprints could all be 
easily detected. Due to the inherent resolution limita- 
tions of the laser beam, micro-cracks, floating metal, 
and poor solder contacts were all undetectable. This same 
line of reasoning will apply equally well to texturized 
surfaces with the one exception of fingerprint detection 
which is precluded as a result of the discontinuity of 
the fingerprint pattern over the pyramidal surface struc- 
ture of the texturized solar cell. 

The laser beam size, which is currently 15 mils 
wide, has been determined to be the major limiting factor 
with regard to the ultimate diversity in application of 
the ASIS equipment. This conclusion is a consequence of 
the inherent resolution limitations of the laser beam. 

The ASIS system, as it is currently configured, will not 
meet our requirements. However, it is expected that with 
the incorporation of suitable equipment modifications, the 
ASIS system could offer excellent prospects. 
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A cost estimate was made for the ASM Automatic 
Surface Inspection System for the purnose of establishing 
its cost effectiveness. The throughput cf the AS I S sys- 
tem is currently 900 wafers/hr., which falls short of the 
projected 1986 pricing goals. This figure can, however, 
be c loni f icantly enhanced by utilizing a multitrack sys- 
tem. The resulting process cost corresponding to the ASM 
system was f ound to be 0.941 cents/watt in terms of 1980 
dollars, which is low enough to ensure its feasibility 
for usage in an automated assembly line. 

In conclusion, the ASM ASIS system has a poten- 
tial for use in the inspection of mechanical defects in 
solar cells in view of process cost. However, it will re- 
quire further development effort to detect all the types 
of cracks in the solar cells. 

0. Cell (Kindling for Module Construction 

Cell handling for module construction will re- 
quire precision positioning techniques in addition to an 
approximate rate of 2 cells/second if the module con- 
struction line is to produce 7200 wafers/hr. or 60 modules/ 
hr. in accordance with 1986 production goals. 

Several varieties of solar cell handling units 
are available from semiconductor industries and most of 
them are desiqned to fit a particular application. For 
example, the printinq machine industry uses cassette-to= 
conveyor loading which requires a specialized cell position- 
ing system. 

A precision positioning system used throughout 
the semiconductor- industry is the robot arm, which un- 
fortunately operates at a slow rate. This rate is pri- 
marily dependent upon the number of degrees of freedom 
required to locate an object and usually exceeds 2 sec. /cycle 



An alternative cell positioning technique makes 
use of a hopper dispenser unit. This system has the ad- 
vantage of being able to simultaneously dispense several 
cells, thereby permitting a choice of cycle times and/or 
production rates. However, the hopper dispenser unit Is 
unable to deposit cells within a close enough proximity 
such that the gap between cells is approximately 50 mils. 
Since this method does not display the precision position- 
ing capability characteristic of the robot arm, it was 
determined to be unsuitable for our requirements. Con- 
sequently, a conceptual desiqn for a robot arm system 
with multiple pick-up heads was devised. This appears to 
hold promise in meeting 1986 production goals. 

The module which is to be constructed by the 
robot arm system with multiple pick-up arms will contain 
six full cells and two half cells per row, with each al- 
ternating row maintaining the same sequential cell arrange- 
ment. 

The conceptual drawing of the solar cell hand- 
ling system is shown in Figure 25. Two robot arms will 
each simultaneously deposit the six full cells and two 
half cells which are placed in a prearranged pattern on 
their respective cell storage racks. 

This system will deposit a total of 16 cells 
per cycle with good pattern reproducibility. The required 
cycle time will be six seconds and the conveyor will move 
by two rows during each cycle. 

The technology for fabricating the robot arm 
system with multiple pick-up heads is well developed, and 
consequently, this robot arm system is recommended for use 
in the 1986 array automated assembly system. 
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P. Module Constru ction Study 

An Indepth module construction study based on a 
unique solar cell central hole interconnection concept 
was performed in this task. The investigation was carried 
out In three distinct stages. The first stage dealt with 
the solar cell conceptual design, and involved grid pattern 
optimization and theoretical fractional power loss pre- 
dictions for a hexagonal solar cell with central hole. 

The second stage dealt with the module conceptual design, 
and encompassed the area of solar cell interconnection by 
means of a flexible printed circuit sheet. The final stage 
of this investigation consisted of a module fabrication 
study, and required an analysis of solar cell dispensing 
techniques, tab pop-up, and the interconnection soldering 
operation. Each of the above mentioned areas will be dis- 
cussed in detail in the following sections. 

PI . Sola r C el 1_ C once ptua 1 De si gn 

A hexagonal solar cell with central hole was 
selected for usage in the proposed module. The most pro- 
nounced difference between this solar cell design and the 
solar cell then being produced hy Sensor Technology is the 
new central hole current collection method as opposed to 
the edge current collection method. 

The new solar cell was fabricated from 3.54 inch 
(90 mm) diameter silicon wafers. Hexagonally shaped wafers 
with point-to-point diameters of 3.54 inches and central 
hole diameters of 0.150 inches were formed by means of an 
automated laserscribe. The solar cell gridline pattern 
was designed to minimize the combined effect of the shadow- 
ing and ohmic loss components. The ohmic power loss en- 
compasses both the diffusion layer ohmic loss and metal 
gridline ohmic loss 


The gridline pattern optimization was calcu- 
lated according to the following specifications. 

(a) The gridline width was fixed at 7 mils 
which was the technological limit im- 
posed by the thick film printing equip- 
ment. 

(b) Each gridline was separated by equal 
areas which resulted in an equal current 
flow into each gridline. 

(c) The trunk-line was extended through the 
center of each triangular area which per- 
mitted the cell to be cut through any diag- 
onal, thus preparing the cell for place- 
ment in the module. 

(d) The approximate values of the resistivities 
used in the various power loss calcula- 
tions are as follows: 

Diffusion layer resistivity: 30 H I □ 
Gridline sheet resistivity: 0.004filD 
Trunkline sheet resistivity: O.OOinlD 

(e) Current density was assumed to be 32.5 
mA/cm? and the voltage at the maximum 
load was assumed to be 0.5 volts. 

Upon utilizing the above assumptions, it was 
found that the optimum number of gridlines should be seven 
for the hexagonal solar cell with central hole. The opti- 
mized gridline pattern is presented in Figures 26 and 27. 

The calculated results for the fractional power 
loss of each element of the hexagonal solar cell with cen- 
tral hole are presented in Table 20. It is evident from 
the table that the larqer contributing element to the total 
fractional power loss resides with the gridline shadowing 
power loss. 

Theoretical analysis shows that the fractional 
power loss can be improved by as much as two to three per- 
cent by reducing the width of the gridlines. This is due 
to the fact that the ohmic loss for our solar cell gridlines 
is very small. The solar cell gridline, unfortunately, 




All Widths of Gridlines - 9.007 
Trunk Width - 0.010 to 0.040 
Number of Gridlines * 7 



Figure 27. Hexagonal Solar Cell Grid Pattern with Central 
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could only be reduced to a certain width, subject to the 
'jnstraints imposed by the technological limits of the 
then current thick film printing equipment. Improvements 
in this field will allow modifications to occur in the 
future . 

A second alternative is to decrease the number of 
gridMnes on the solar cell. However, by decreasing the 
number of gridlines from, for example, seven to six, the 
total fractional power loss Increased to 15.90%. This 
fractional power loss occurred because the shadow reduction 
due to less gridlines was not sufficient to compensate 
for the increase in c.imic power loss. Calculations also 
show that the number of gridlines and the gridline pat- 
terns are relatively insensitive for an optimized amount 
of shadowing on a solar cell. 

The final solar cell design feature considered 
in this study was the "0" ring contact line which exhib- 
ited a fairly larqe shadowinq loss and a small ohmic power 
loss. This situation cannot be easily rectified since tab 
soldering requires a finite area. 

P2. Mo dule Conceptual Design 

The module conceptual design for 1986 consists 
of 119 hexagonal solar cells. The packing arrangement of 
102 full solar cells and 34 half solar cells in the 2 ft. x 
4 ft. module is exemplified in Figure 28, where the spac- 
ing between the cells is 0.05 inches, the solar cell area 

2 2 
is 968.65 in. , the solar cell nesting area is 1030.58 in. 

2 

and the module area is 1113.09 in. . The module packing 
efficiency was determined to be 87 and the solar cell 
nesting efficiency was found to be 94 . 



Figure ?8. Packing Arrangement for 2 ' x 4' Module. 



In order to minimize the potential electrical 
power loss due to solar cell failure, a group of three 
full hexagonal solar cells and one-half solar cell shall 
be connected In parallel and thirty-four groups shall be 
connected ir. series. The enca“ulated solar cell effi- 
ciency shall be l *1 . b with a peak power output of 0.76 
watts. The expected module electrical performance at 
100 mW/cm' and at ?8°C shall be as follows: 

90 watts at peak power 

17.1* V)lts at peak power 

5.?5 amps at peak power 

All solar cel) interconnections in the module 
conceptual design shall be achieved by means of a flex- 
ible printed circuit sheet. The flexible printed circuit 
sheet conceitual design is shown In Figure 29. Two ounces 
of copper per sg. ft. is a good quide for typical PC sheets. 
The copper would be about 3.0 mils thick. This thickness 
is variable and > mid be adjusted to specification. The 
sheet (ontigut.itM.il could use either a single or double 
clad design. 

A sing I • i lad design was found to substantially 
reduce the cost it the P( sheet jnd is the preferred con- 
figuration. The > » ng I e clad flexible printed circuit 
sheet was desiqned to minimize thermal stress. The PC 
sheet will allow tor connection trom the bottom of one 
solar cell through the central hole, to the top of an ad- 
jacent solar cell as shown in Figure 30. 

The flexible PC sheet has tab cutouts which allow 
the tabs to be pushed up by a plunger to thread the solar 
cell. When the plunqer is removed the tab makes contact 
with the center solder ring ot the solar cell. Holes 
2.125 inches in diameter are also cut out of the flexible 
printed circuit sheet wh i , h will allow for total lamination 
from the front the moduli through the sides of the 
solar cells to the back of the module. 
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(Copper Clad Kapton Sheet 



Two types of PC sheet materials were studied. 

Both Kapton and Mylar are potential candidate materials. 
One mil thick Kapton with two ounce copper was chosen 
for the flexible printed circuit sheet as will be dis- 
cussed in the next section and in Task Q. 

An exploded view of the hexagonal solar cell 
module is shown in Figure 31. The sequence of encapsu- 
lation materials utilized for the conceptual module de- 
sign is as follows: (a) glass (front or top surface), 

(b) polyvinyl butyral (PVB), (c) flexible printed cir- 
cuit sheet with solar cells, (d) PVB, (e) Mylar with 
moisture protective coating (back surface), (f) gasket 
and aluminum frame assembly. 

The module encapsulation method followed the 
standard SAFLEX lamination procedure as then currently 
performed throughout the auto-glass industry. The only 
modification needed in order to apply this method to 
solar cell modules was to utilize a vacuum bag procedure. 
The sequential steps incorporated within this encapsula- 
tion technique include: (1) washing dusted SAFLEX, (2) 
material lay-up, (3) degassing and vacuum bagging, (4) 
curing, (5) trimming and frame assembly. 

P3. Module Fabrication Stu_dy 

An experimental investigation was performed in 
three areas of module fabrication. This work included a 
study of solar rell dispensing techniques, a tab "pop-up" 
scheme to allow solar cells to be dropped into position 
on a flexible printed circuit sheet and a solar cell inter- 
connection soldering operation on a flexible printed cir- 
cuit sheet . 


MYLAR (OR POLYESTER) LAMINATION SHEET 



The first area studied was concerned with tech- 


niques for precise solar cell dispensing. This subject 
is discussed in detail in Task 0, where it was concluded 
that solar cell handling by means of robot arms is the 
most suitable solar cell handling technique. 

The second area considered was a tab "pop-up" 
scheme for solar cell interconnections. In this inter- 
connection method, a solar cell string configuration was 
interconnected by means of notched out interconnect tabs 
on a flexible printed circuit sheet. A basic experiment 
was conducted for the purpose of observing (1) the com- 
pliance characteristic of the notched-out tab when con- 
strained to bend upright from a flat position, and (2) 
under simulated production conditions, the practicality 
of interconnecting individually dropped cells from an 
overhead dispenser by the tab "pop-up" method. A sin- 
gle "pop-up" plunger mechanism and cell dispenser were 
fabricated and manually tested. The plunger pin was mod- 
ified to include a groove which guided the tab during the 
push up motion. This experiment demonstrated the viabil- 
ity of the tab "pop-up" interconnection technique. 

The third area studied was the interconnection 
soldering operation. The utilization of a flexible printed 
circuit sheet requires simultaneous soldering of both the 
front and back contacts. Four potential soldering methods 
for performing the simultaneous soldering of the front and 
back contacts were identified. These four soldering methods 
are: (1) induction soldering, (2) l.R. soldering, (3) direct 
soldering, and (4) flameless gas soldering. 

Induction soldering and l.R. soldering are both 
widely used procedures for producing simultaneous multi- 
connections. Unfortunately, however, neither method appears 
to be applicable to solar cells containing soldered gridlines 
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since reflow of solder from the gridlines will damage the 
metal contacts, which in turn will adversely affect the 
solar cell efficiency. Therefore, the investigation foc- 
used on the direct and flameless gas soldering methods. 

A direct contact soldering test on a flexible 
printed circuit sheet was performed with the primary ob- 
jective of evaluating three prospective materials for use 
as a base material in the flexible PC sheet, and then se- 
lecting from these, that material which displays the most 
acceptable chracteri sties . 

The three materials which were evaluated are as 

fol 1 ows : 

K1 = 1 mil Kapton with 2 oz. Cu 

K2 = 2 mil Kapton with 2 oz. Cu 

K3 = 3 mil Mylar with 2 oz. Cu 

A highly skilled operator performed the actual 
soldering task with the use of a controlled tip, hand-held 
soldering iron at a temperature of 700°F. The entire 
soldering seguence was precisely timed and the following 
results were subsequently obtained: 

K1 : Time - 4 sec., no damage to Kapton-sati sfactory 

K2: Time - 1U sec., no damage to Kapton-sol der 
deposit melt 

K3: Time - 4 sec.. Mylar melts-qood soldering 

Direct contact soldering was found to be com- 
pletely ineffectual with regard to melting solder on ma- 
terial type K2. On the other hand, the soldering charac- 
teristics of material type Kl were found to be adequate. 

Due to its low melting point, the Mylar material had melted 
prior to the solder. Back surface contact soldering pro- 
duced poor results for each material. Consequently, a 
more accurate and intense heat source was required for 
accomplishing contact soldering. 


The alternative method of flameless inert gas 
soldering was investigated in order to determine its 
applicability for use in conjunction with a specified 
base material for the flexible PC sheet. The flameless 
heating unit studied offers extremely precise tempera- 
ture control for production soldering, brazing, bonding, 
curing or melting at temperatures up to 1600°F. The 
heater consists of a tungsten filament inside a quartz 
tube over which air or inert gasses such as argon or 
nitrogen are passed. The coil design provides extremely 
efficient energy transfer which permits non-contact heat- 
ing of parts in open or confined areas. Controls permit 
regulation of gas flow, pressure, and electrical input 
into the heater thus allowing pin-point repeatable heat 
control . 

The following experiments were performed with 
this equipment: 

• Front surface contact soldering. 

• Back surface contact soldering. 

• Solderinq cell to a 2 oz. copper-Kapton sheet. 

All experimental results proved to be extremely 
satisfactory and this method is therefore recommended for 
use in the solar cell interconnection soldering operation. 

Q. Module Mod»*l F abric atio n St udy 

A unique hexagonal solar cell central hole inter- 
connection concept involving the use of a flexible printed 
circuit sheet with notched-out tabs, and a PVB lamination 
procedure for module encapsulation, was da-ons tra ted with 
the fabrication of a module model. The novel solar cell 
interconnection concept was found to greatly simplify the 
cumbersome task of solar ceil interconnection for cell 
string assembly. 
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The demonstration of the PVB lamination pro* 
cedure required a determination of important process param- 
eters such as the time, pressure and temperature cycles 
required for the optimal performance of the lamination pro- 
cedure. An important facet of the demonstration of the 
PVB lamination procedure resided in verifying that hexa- 
gonal solar cells with central holes can withstand the lam- 
ination procedure without incurring excessive damage due to 
radial cracks. 

Since the viability of the flexible printed cir- 
cuit sheet with notched out tabs is described in detail 
in Task P, the demonstration of the lamination procedure 
and module assembly process will receive major emphasis 
in the following sections. 

Q 1 . Decrlptlon of the Mo dul e Mode l 

A module model consisting of hexagonal solar 
cells interconnected through their central holes by way 
of notched-out tabs on a flexible printed circuit sheet 
was fabricated through the use of a PVB lamination pro- 
cess . 

A picture of the hexagonal solar cell module 
is shown in Figure 32 . The dimensions of the module are 
12" x 15". All other aspects of the module model are iden- 
tical to the large scale prototype module described in 
Task P, with the exception of the number of hexagonal 
solar cells. 

The flexible printed circuit sheet for the mod- 
ule model is shown in Figure 33. As can be seen from this 
fiqure, 3', cells are connected in parallel, and five such 
cell strings are connected in series so that the total num- 
ber of cells is equivalent to 17.5 full hexagonal solar 
cells (15 full cells and 5 half cells). 
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Two types of terminal tabs were utilized. All 
encapsulation materials which were utilized for the mod- 
ule model are presented in Table 21. The sequence of en- 
capsulant materials consists of glass, PVB, solar cells 
on a flexible printed circuit sheet, PVB and mylar. The 
edge seal is butyl rubber sealant and the framing assembly 
is aluminum. 

Q2. Description 0 / Fabrication Method 

a . Fie x 1 b 1 e Pri nted Ci rcu It Sheet 

The flexible printed circuit sheet was obtained 
from a flexible printed circuit sheet manufacturer. A 
two ounce per square foot sheet of copper was laminated 
onto a prepunched Kapton sheet. The copper was then 
etched in order to obtain the proper circiit pattern. 
Finally, the tab for central hole solar cell interconnec- 
tion was cut out. 

b. Solar C ell Inte rconnection 

The cells with central holes were positioned and 
manually soldered by means of the flameless inert gas sol- 
dering method. The cells were then prepared for the lami- 
nation procedure. 

c. Encapsulation 

The standard PVB lamination procedure is currently 
practiced throuqhout the auto-glass industry. The only mod- 
ification which was necessary in order to apply this method 
to photovoltaic modules was the use of a vacuum bag method. 
The design dependent parameters such as temperature and 
pressure were determined experimentally and will be dis- 
cussed in a later section. 

A brief description of each step incorporated 
within this encapsulate technique is presented below. 
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E 1 emenl s 


Selected Materials 


Superstrate: 

AS6 SUNADEX (rolled water white, 
0.019 iron oxide), glass, tem- 
pered, 1/8" thick. 

Flexible 

Circui ts: 

0.001" Kapton with 2 oz/sq.ft. 
copper laminated. 

Adhes i ve 
Material : 

SAFLEX SR11 (architectural type) 
0.015 in. thick. Two layers of 
this type are needed at top and 
bottom of cell strings. 

Substrate: 

Mylar type "A", 0.005" thick. 

Edge Sealant: 

i 

Butyl rubber sealant (TREMC0 

PRO GLAZE with TREMCO ARO-SHIM). 

F rame : 

Aluminum frame, anodized. 





Washing Dus ted Saflex - Dusted Saflex, which 
is PVB with a coating of sodium bicarbonate Interleaved 
to prevent sticking, must have the sodium bicarbonate 
removed by washing In 110° to 120°F water and rinsing. 

Lay-up - All layers are put in lay-up form In 
order to facilitate encapsulation. The layered structure 
consists of glass/PVB/cel 1 string assembly/PVB/mylar. 

Each sheet must be cleaned prior to lay-up, and the lay- 
up takes place in a temperature and moisture controlled 
room. 

Degassing and Vacuum Bagging - All layers are 
placed into the vacuum chamber with heat sealable nylon 
at the top and bottom of the structure. The chamber Is 
gradually heated up to 165° to 265°F while It undergoes 
concurrent degassing with the vacuum pump. The chamber 
is then pressurized at approximately 15 to 50 pslg, and 
the vacuum bag is sealed. 

Autoclaving - The autoclaving operation is the 
final step in the laminating process. The vacuum bagged 
module layers are heated up to a temperature range of 
250°to 300°F. The entire assembly is then pressurized 
at 50 to 180 psig and held for 7 to 30 minutes. After 
this holding period, it is slowly cooled down to 160 F 
while under pressure. The pressure is then released. 

The key parameters for this operation are 
temperature, holding time and pressure. In particular, 
if the gridlines contain solder, the maximum tempera- 
ture must be less than the melting point of solder In 
order to prevent solder reflow. In addition, the pres- 
sure must be as small as possible to prevent cell crack- 
ing due to pressure loads. 

All parameters are dependent upon lamination 
size, thickness and number of layers. Consequently, these 
parameters must In determined experimentally for the con- 
ditions present in each different panel fabrication house. 
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d. Framing Assembly 

The excess sheet material at the edges of 
the encapsulated modules was trimmed off. The aluminum 
frame was then mounted with the proper sealant. 

03. Experimental Study 

Four progressive tests were performed to de- 
termine the proper laminating conditions. A reference module 
(B-2) with "parallel track" pattern hexagonal solar cells 
without a PC sheet was used to elicit a comparative anal- 
ysis. The test conditions in all four cases are summar- 
ized in Table 22. A summary of the results of each test 
is presented in Table 23. The test results are summarized 
In the following sections. 

Test *1 - For the initial test, the highest pos- 
sible temperature ( 3 5 6 0 C ) and the highest possible pressure 
(50 psi) were chosen in conformance with the previously 
designated process parameter limitations. The test re- 
sults indicate that many cracks developed within the cen- 
tral hole solder ring. In addition, there was evidence 
of solder reflow caused by the high temperature. Despite 
the fact that 90' of the cells were cracked, there was no 
Indication that this had a deleterious effect on the mod- 
ule electrical performance as evidenced by Table 23. The 
negligible effect of the cracked cells on the module per- 
formance can be explained on the basis that , 'nce the 
cracks occurred within the center ring, they have no in- 
fluence on current collection outside of the ring. 

Test *2 - To eliminate the solder reflow problem 
observed in Test «1, tne temperature was reduced to 347°r 
and also a thicker PVB sheet (30 mil) was utilized to pre- 
vent interior center ring cracks induced by the thick sol- 
der layer at the tenter ring. 
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Table 22. Summary of the Test Conditions for the 
Module Model Fabrication. 


Test No. 

Top PVB 
Thickness 

Autoclave 

Temp. 

Autoclave 

Pressure 

Total Process 
Time 

A-l 

15 mils 

356°F 

50 p s i a 

2 hours 

A- 2 

30 mils 

347°F 

50 psia 

2 hours 

A- 3 

30 mils 

270°F 

50 psia 

4 hours 

A- 4 

30 mils 

270°F 

45 psiq 

4 hours 

Ref. (B-2) 

15 mils 

347°F 

50 psiq 

2 hours 
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Test No. 



Voc 

* 

Isc 

2.89 volt 

4.16 amp 


e Electrical Performance Tes 
he Module Model Fabrication. 


Description of Results 



2.65 volt 4.15 amp 


2.85 volt 4.29 amp 


Ref. ( B— 2 ) 2.89 volt 4.24 amp 


50% of cell has ring 
cracks. Bubble at center 
hole. No solder reflow. 


Three line cracks. No 
bubble. No solder reflow. 


One line crack. No bubble 
\'o solder reflow. 


s. No bubbles 

























The results show that 50% of the cells still 
have interior center ring cracks. However, the solder 
reflow problem was eliminated. The module electrical 
performance was similar to Test #1. Bubbles were also 
trapped in the front surface. 

Test #3 - This test was distinguished by lower 
temperature (270°F) and longer heating cycles with the same 
pressure load. The longer heating cycle served to ensure 
uniform heating prior to pressurization. The results showed 
an apparent improvement. No center ring cracks were ob- 
served; however, three cells had line cracks. The elec- 
trical performance of this module was almost identical to 
the reference module. 

Test 04 - This test was identical to Test #3 
except that a slightly lower pressure was utilized. This 
time, only one line crack was observed. However, it is be- 
lieved that this crack was i ntroduced, dur i ng lay-up, front 
mishandling. The electrical performance of this module 
was found to be higher than the others tested. 

Test #5 - The "parallel track" pattern hexa- 
gonal solar cell module without central holes (B-2) incurred no 
encapsulation problems based on past experience. The se- 
quence of encapsulation materials was glass/PVB/cell string/ 
PVB/Mylar. Back solar cell interconnection was achieved by 
two ribbon wires. Three- and one-half cells were inter- 
connected in parallel and five such groups were connected 
in series. The encapsulated module was bubble and crack 
free. This module type was used as a reference module for 
comparison to the test modules. 
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Discuss ion or lest Results 

The module model which utilized the central hole 
interconnection i. «• t hod with a flexible printed circuit 
sheet was successfully encapsulated with PVB adhesive as 
the underlayer. lie module model fabrication required the 
specification of several process parameters due to the 
thick solder layer at the center hole and the stress con- 
centration at the tenter hole. In comparison with con- 
ventional (reference) module fabrication, it can be con- 
cluded that: 

• The new module requires more processing 
time due to the 1 c : , ?r heating cycle. 

• The iu w module requires low temperature 
dur i ng fabr ica t ion . 

• Tlu new module displays good electrical 
characteristics if a thick layer of PVB 
is utilized. 

An exttii'ive experimental study could possibly 
reduce the processing time. Since the processing param- 
eters wei e dependent upon the module size, no further study 
was performed witi the small scale module. It was demon- 
strated that the new fabi nation concept is feasible, and 
further study with a prototype scale module to optimize 
fabrication parameters is lecommended but was beyond the 
scope of this contract. 

Q4 . Module Model Fabrication Conclusion 

The specification of several process parameters 
led to the successful performance of the lamination pro- 
cedure for the module model. The central hole intercon- 
nection scheme was .uciessfully demonstrated; no solar cell 
cracks were observed aftei the proper lamination procedure 
was evolved. It wa > found that this central hole inter- 
connection methr i great 1, implifies solar cell string 
assembly for module t a bi i i a 1 1 on . 
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R. Cell Test Dat a Acquisition 

Photowatt International presently utilizes a solar 
cell module test data acquisition system to measure and re- 
cord the electrical performance under a pulsed Xenon solar 
simulator for large scale production contracts. This system 
automatically samples the module electrical performance and 
plots the I-V characteristic curve on an X-Y plotter. 

A design modification of our electronic equip- 
ment was undertaken for the purpose of demonstrating that 
a single solar cell can be automatically tested and its 
electrical performance recorded. A sketch of the test 
equipment is shown in Figure 34. The complete system con- 
sists of a pulsed Xenon light tower, a temperature con- 
trolled solar cell mounting block with reference cell, an 
automatic solar cell test data acquisition system, and an 
X-Y plotter. The equipment demonstrated the capability of 
measuring the electrical performance of solar cells for use 
in evaluation of solar cell quality and suitability for mod- 
ule assembly. 

The cell test data acquisition system samples 

2 

the Xenon solar simulator at 100 mW/cm , and automatically 
records the solar cell short circuit current (I sc ), open 
circuit voltage (V ()C ), current at a predetermined voltage 
( I v ) , and the cell current ( I c e ^ ) an(i voltage ( V ^ ) . 

The equipment utilized in this task showed that 
an automated system for collecting solar cell electrical 
performance data is extremely conducive to module assembly. 

A continuation of this data acquisition system for solar 
cells on an extension to include solar cell modules for 
large scale automation was performed in connection with 
Task S and is discussed in detail in that section. 
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Light Tower 


Reference 
cell 



Cell mounted 
on a tempera- 
ture controlled 
block 


Automatic cell test 
data acquisition 
system for I 3 c' V 0 c, 
V X ceir ’cel 1 


X-Y olotter for recording 
solar cell electrical 


Figure 34. Sketch of Experimental Apparatus for the Auto 
matic Cell Test Data Acquisition System. 
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S . C e 11 a_nd Modu 1 e Test a n d Data S t orage 

A computerized solar cell and module test and 
data storage system was designed and fabricated to per- 
form two important functions in the array automated assem- 
bly task. The first function was to store and analyze rel- 
evant solar cell and module electrical performance data. 

This served to facilitate statistical analysis and qual- 
ity control for all aspects of solar cell and module fab- 
rication. 

The second function of the computerized system 
was to mechanically group solar cells and modules into pre- 
designated categories on the basis of their peak power out- 
put. The benefits of this feature were twofold. The first 
is that solar cells can be grouped to optimize module per- 
formance. The second benefit is that mechanical grouping 
aids in eliminating rejected solar cells and modules with- 
out extensive time utilization, as would be the case if 
this task was performed by manual inspection. The follow- 
ing discussion will focus on the function of storing and 
analyzing solar cell and module electrical performance 
data. 

The solar cell and module test and data storage 
system required the following components: 

• Pulsed Xenon solar simulator to test at 
100 niW/cm? and at 28°C. 

• Electrical performance data acquis’, cion system. 

• Microprocessor with proper input, output and 
interface hardware. 

• Software program and floppy disk storage. 

• Mechanical actuator and conveyor system (not 
included in this study). 
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In order to acquire a microprocessor unit com- 
patible with our requirements, literature pertaining to 
the microprocessing equipment available at that time was 
obtained. This literature was thoroughly reviewed and 
the Motorola M6800 system was subsequently selected. 

The Motorola M6800 microprocessor development system inte- 
grates the CRT display/keyboard with the mainframe of the 
central processing unit and thus requires no special inter- 
facing. All remaining system components were designed and 
fabricated. 

Following the design and fabrication of the 
microprocessor hardware, the required software was de- 
vised. A simplified flowchart representative of the actual 
computer program is presented in Figure 35. The object of 
the main program in this flowchart is to group solar cells 
in accordance with input data supplied by the programmer. 

The actual grouping operation is performed by three sub- 
routines within the main program. The first subroutine, 
shown in Figure 35A, measures and stores V . The second 
subroutine shown in Figure 35B measures and stores I^ c . 

The third subroutine shown in Figure 36C, utilizes a numerical 
analysis technique to group solar cells on the basis of their 
peak power output. 

The criteria utilized in the grouping operation 
were as follows: 

• Current at maximum power point 

• Voltage at maximum power point 

• Power at maximum power point 

In practice, the majority of the solar cells 
which comprise a module is interconnected in series, so 
that each series connected solar cell will provide an ident- 
ical current output. Since cell groups based upon current 
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START 


MAIN PROGRAM 


/ Select Test 

' (I SC ,V OC' p 7 
Grouping) / 


Grouping? 


Setup Group Limit! 


Test Parameters 
"test : SC stand ' 


Set Light Level 


Check Light Level 


Select 

Print Options 


Print Stored 
Data 


Input S/N 


0000 ? 


Sub # 1 
Measure V rt/ , 


Sub * 2 
Measure I, 


Sub * 3 
Compute TP 


Grouping 


Figure 35. Flow chart 
of solar cell and module 
test data acquisition 
and storage system. 

Solar cells are grouped 
in accordance with input 
data supplied by the 
programmer. v oc , I 
and peak power are sc 
determined respectively 
by three subroutines. 
Data is stored and 
is available for print 
out . 


E 


Exit 








o>jr am 


SUBROUTINE » 2 , I 



Return 


hart of subroutine number two to 
e short circuit current of solar 
r module. 

i a maximum. This .effectively discounts 
■st from the load so that V oc may be 
is checked iirst and if it is qreater 
error occurs because V oc is hioher than 
it cati measure. 





Calling Program 


SUBROUTINE • 3, Peak Power 





at maximum power 1$ the most plausible grouping criterion 
In this case, the microprocessor was programmed to group 
the solar cells and modules accordingly. 

The solar cell and module test and data storage 
system was tested to establish Its data analysis and 
grouping performance capability. The verification of the 
grouping operation proceeded in four stages. 

The first stage involved the grouping of solar 
cells with premeasured electrical performance character- 
istics. Ten solar cells, from three separate groups of 
2.15 inch diameter production solar cells, were selected 
and mixed with two groups of similar rejected solar cells. 

A total number of fifteen solar cells was selected for 
test. The solar cells were identified by a four digit 
serial number. The first digit indicates the premeasured 
electrical performance group (one indicates the good solar 
cells and five indicates the rejected solar cells), and 
the fourth or last digit indicates the cell number used 
in a particular group. For example, 2003 indicates the 
second group, third solar cell. 

The solar cell data acquisition and storage sys- 
tem was programmed to group the solar cells based on 10 ma 
current increments from 460 ma to 530 ma at peak power. 

, The current groups were chosen by the programmer and were 
part of the input data prior to the tests. Up to one hun- 
dred groups can be selected. The selected parameters to 

be measured were: short circuit current, I , open clr- 

sc 

cuit voltaqe, , peak power, and grouping. The tests 

were performed and the data stored. The results were 
printed out ana are shown in Table 24. A one-to-one corres- 
pondence exists between the two grouping methods which is 
indicative of the success of the computerized grouping op- 
eration. 


132 


Table 24. 


Solar Cell Data Acquisit 
Printout. The Solar Cel 
ing to Selected Current 
and at a Uqht Intensity 


on and Storage System 
s are Grouped Accord- 
ncrements at Peak Power 
of 100 mW/cm^, Xenon. 


TEST LIGHT LEVEL (mW/CM 2 ) « 100.0 

ABSOLUTE LIGHT LEVEL (mW/CfT) 111.5 

Selected Parameters to be Measured: I S(; , V oc Peak Power Grouping 


GROUP 

MIN. I MA 

MAX I MA 

J> 

00 



0000 

0460 

01 

0460 

0470 

02 

0470 

0480 

03 

0480 

0490 

04 

0490 

0500 

05 

0500 

0510 

06 

0510 

0520 

07 

0520 

0530 

08 

0530 

9999 


S# 

V MV 

I MA 

P MW 

V MV 

I MA 

GRP 


oc 

i 

. J! 


.1 

— 

4002 

0532 

0568 

0180 

0427 

0422 

00 

3004 

0537 

0573 

0222 

0427 

0522 

07 

3003 

0537 

0585 

0221 

0439 

0505 

05 

5002 

0537 

0576 

0201 

0446 

0451 

00 

5001 

0527 

0583 

0200 

0446 

0449 

00 

2001 

0537 

0571 

0232 

0446 

052? 

07 

5003 

0515 

0549 

0128 

0400 

0322 

00 

3002 

0539 

0576 

0227 

0446 

0510 

05 

2004 

0541 

0571 

0233 

04 4 f 

0524 

07 

1001 

0544 

0573 

0239 

0458 

0522 

07 

2003 

0537 

0583 

0235 

0446 

0527 

07 

3001 

0559 

0551 

0236 

0466 

0507 

05 

5004 

0505 

0524 

0097 

0332 

0295 

00 

3005 

0544 

0576 

0221 

C454 

0488 

03 

1002 

0534 

0581 

0238 

0451 

0529 

07 

4002 

0000 

0532 

0558 

0180 

0427 

0422 

00 
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The second stage checked the system capability 
to detect a wide range of solar cell current variations. 
The results of this performance verification test are 
presented in Table 2 5 which was generated by shadowing 
a solar cell to varying degrees. As is apparent from 
the table, the computerized system is able to detect a 
wide ranqe in solar cell current variations. 

The third stage involved the grouping of mod- 
ules with premeasured electrical performance charac- 
teristics. Three solar cell modules from two different 
groups were selected. The results of this performance 
verification test are presented in Table 26, where it 
can be seen that the data acquisition and storage sys- 
tem grouped the modules into two categories which agreed 
with the premeasured electrical performance. 

The fourth stage proceeded analogously to the 
second state; however, in this case the system capa- 
bility to detect a wide range of solar cell module cur- 
rent variations was investigated. The results of this 
performance verification test are presented in Table 27, 
which was generated by shadow inq one module to varying 
degrees. As is apparent from the table, the computerized 
system is able to detect a wide range of solar cell mod- 
ule current variations. 

The grouping operation has thus been shown to 
be highly successful in all respects. The first con- 
clusion which may be drawn from the experimental data is 
the existence of a one-to-one correspondence between 
the commonly utilized manual grouping method and the com- 
puterized grouping method. It can al c o be concluded that 
the computerized solar cell and module test and data 
storaqe system are capable of easily detecting a wide 
range of solar cell and module current variations. An 
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Table 25. Solar Cell Data Acquisition and Storage System 
Printout. The System Capability to Detect a 
Wide Range of Solar Cell Current Variations is 
Demonstrated by Shadowing a Solar Cell to Vary- 
ing Degrees, Group Numbers are Arbitrary 

TEST LIGHT LEVEL (mW/CM 2 ) ? 100.0 

ABSOLUTE LIGHT LEVEL (mW/CIT) 104.4 


Selected Parameters to be Measured: I . V Peak Power Grouping 

sc oc r 



GROUP 

MIN I MA 

P 

MAX I MA 
P 

00 

0000 

0100 

01 

0100 

0200 

02 

0200 

0300 

03 

0300 

0400 

04 

0400 

0500 

05 

0500 

9999 


S# 

V „ MV 

I MA 

P MW 

V MV 

I MA 

GRP 


OC 

SC 

P 

P 

P 

9999 

0524 

0375 

0095 

0295 

0324 

03 

9999 

0527 

0378 

0095 

0295 

0324 

03 

9999 

0524 

0375 

0095 

0295 

0324 

03 

9999 

0524 

0378 

0095 

0295 

0324 

03 

9999 

0524 

03 75 

0095 

0307 

0312 

03 

11 11 

0522 

0302 

0082 

02 95 

0278 

02 

1111 

0522 

0302 

0082 

0295 

0278 

02 

1111 

0522 

0302 

0082 

0295 

0278 

02 

1111 

0522 

0302 

0082 

0295 

0278 

0? 

2222 

0500 

01 36 

0042 

0358 

0119 

01 

2222 

0500 

0136 

0042 

0368 

0119 

01 

2222 

0502 

0136 

0042 

0358 

0119 

01 

2222 

0502 

0136 

0042 

0358 

0119 

01 

3333 

Obi; 7 

0166 

0052 

0358 

0146 

01 

3333 

0507 

0163 

0050 

0334 

01 51 

01 

3333 

0507 

0163 

0050 

0334 

01 51 

01 

4444 

0520 

0246 

0072 

0327 

0222 

02 

4444 

0520 

0246 

0072 

0327 

0222 

02 

4444 

0520 

0246 

0072 

0327 

0222 

02 

5555 

0529 

0393 

0098 

0300 

0329 

03 

5555 

0529 

0393 

0098 

0314 

0314 

03 

5555 

0529 

0393 

0098 

0300 

0329 

03 

9999 

0529 

0375 

0096 

0295 

0327 

03 

9999 

0529 

0375 

0096 

0295 

0327 

03 

9999 

0529 

0375 

0096 

0307 

0314 

03 


0000 
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Table 26. Solar Cell Module Data Acquisition and Storaqe 

System Printout. The Modules are Grouped Accord 
inq to Selected Current Increments at Peak Power 
and a Light Intensity of 100 mW/cm z , Xenon. 


TEST LIGHT LEVEL (mW/CM 2 ) 7 100.0 

ABSOLUTE LIGHT LEVEL (mW/CM ) 112.5 

Selected Parameters to be Measured: I - V „ Peak Power Groupinq 

sc oc 


GROUP 

MIN I p MA 

MAX I MA 

EL 

00 

0000 

2300 

01 

2300 

2400 

02 

2400 

2500 

03 

2500 

5000 

04 

5000 

9999 


S# 

V oc MV 

I , MA 

sc 

P^ MW 

V p MW 

I MA 

_R 

GRP 

7405 

4457 

2651 

7237 

3137 

2307 

01 

7386 

3964 

2756 

6999 

2902 

2412 

02 

7407 

0000 

3952 

26R3 

7498 

3100 

2419 

02 


Table 27. Solar Cell Module Data Acquisition and Storage 
System Printout. The System Capability to 
Detect a Wide Range of Module Current Variations 
is Demonstrated by Shadowing the Module to Vary- 
ing Degrees. 


TEST LIGHT LEVEL (mW/CM") 100.0 
ABSOLUTE LIGHT LEVEL ( mW/CM* ) 1 02 . 00 


Selected Parameters to be Measured: I $c , V pc Peak Power Groupino 


GROUP 

MIN *p MA 

MAX J) MA 

00 

0000 

1 500 

01 

1 500 

1750 

02 

1 750 

2000 

03 

2000 

2250 

04 

2250 

2500 

05 

2500 

9999 


S# 

V r MV 
oc 

I MA 

sc 

P MW 

V MV 

P_ 

I MA 

JL 

GRP 

1001 

4497 

2724 

_ 

7426 

3359 

2211 

03 

1002 

4497 

2604 

74 14 

3398 

2182 

03 

1003 

4492 

2492 

7314 

3410 

2145 

03 

1004 

4494 

2551 

7395 

3405 

2172 

03 

1005 

4492 

2451 

7427 

3393 

2189 

03 

1006 

4489 

2517 

7419 

33 74 

2199 

03 

1007 

4497 

2973 

8955 

3359 

2666 

05 

1008 

4492 

2770 

8467 

3417 

2478 

04 

1009 

4487 

2702 

7885 

3386 

2329 

04 

1010 

0000 

4450 

1833 

4398 

3420 

1286 

00 
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assessment of the far-reaching potential of the computer- 
ized solar cell and module test and data storage system 
has lead to the expectation that it will immensely simplify 
the performance of statistical analysis and quality assur- 
ance in all areas of solar cell and module fabrication. 
Therefore, it is recommended for use when high production 
levels are being performed. 

T. Micr owave Study 

Initially, a prototype instrument was built to 
conform to the design criteria determined during the first 
four months of the contract. A block diagram of the unit 
is shown in Figure 36. 

The power source for the instrument consisted 
of a 0-1 KW Cober variable power generator with a fixed 
2.45 GHz frequency output. Although the pulse width and rep- 
itition rate are adjustable, the lack of energy coupling 
to the samples caused the need for operation in the CW 
mode . 

Time exposure was selectable with either a digi- 

« 

tal timer control or manual mode operation. Power control 
was selectable from either manual adjustment or automated 
by use of an IRCON controller. This system measures the 
IR radiation of the sample and feeds this to an automatic 
control unit which varies primary power on the generator. 
Calibration of the camera is done against a diffusion fur- 
nace whose temperature has been accurately measured with 
a Pt-Pt/Rh thermocouple. 

Hewlett-Packard Microwave/RF power meters were 
used to measure both incident and reflected power. The 
difference between the readings indicated the power ab- 
sorbed within the cavity. 
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The microwave cavity is 24 cm x 12 cm and there- 
fore is capable of processing two 10 cm x 10 cm wafers at 
the same time. Initial experiments indicated that the 
horn cavity did not perform to the same uniformity as pre- 
dicted by the analytical model. Two of the reasons being 
that the coupling efficiency was found to vary as the 
temperature varied and the edqes and center seemed to be 
heating up faster than the balance of the wafer. This 
latter phenomenon was attributed to modification of the 
E-field due to the silicon presence. Excellent perform- 
ance was obtained on 2 cm x 2 cm silicon, however. 

Althouqh the wafers could be heated to 800°C 
in less than five seconds, the variation in uniformity 
at high temperatures directed that experimental efforts 
be carried out in two distinct categories: low temperature 
applications and high temperature applications. The sep- 
aration point between the two was taken to be 600°C. 

Low temperature applications are in the fields 
of metal sintering and aluminum back surface field forma- 
tion, while high temperature applications are in metal 
paste firing and, potentially, in diffusion. 

In low temperature experimentation, metal sin- 
tering of the contacts was attempted for nickel metalliza- 
tion. Electroless nickel was deposited from a basic bath 
using a printed resist as a mask. The contact pull strengths 
before and after sinterinq were used as a confirmation of 
the sintering effect. There was a hiqh uniformity ob- 
served when the metal was sintered at 4bO°C for 30 seconds 
and there was no observable degradation in the function 
characteristic, indicating a con trolled penetration depth. 

The sintering was done in a nitroqen blanket with 2 bO watts 
of m i c rowa ve pc. we i . 
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In a further low temperature experiment, a 
printed aluminum paste was placed on the backs of wafers 
processed as indicated in Figure 37. The V oc measure- 
ments, in the 58S-600 mv range, indicated the ineffective- 
ness of the field formed. The drive-in was performed at 
500°C for four minutes. Figures 38 and 39 show the curve 
brackets measured before and after edge grinding. They 
indicate an ohmic contact was formed and sample number 
four was a result of edge shunting and not lack of ohmic 
contact . 

To evaluate hiqh temperature sintering, wafers 
were screened with a silver paste in a pattern normally 
used for front me ta 1 1 i z a t i on . These were then sintered 
at 700-7?5°C for 4b seconds. A similar contact pull 
strength increase was found, but the I - V curves indicated 
that the junction has been penetrated. The wafers were 
segmented and remeasured. Some segments showed the same 
junction shorting while others did not, indicating non- 
uniformity of heating. 

The experiments summarized above indicated the 
basic soundness of the investigation of microwave energy 
for application within the field of solar cell fabrica- 
tion. Conversely they also indicated the need for a re- 
design of the applicator and associated equipment. These 
efforts were beyond the scope of this contract. As a re- 
sult, the conclusions reached at this time are: 

1. The process has potential tor application 
to solar cell fabrication in the future. 

2 . At present, limitations exist in the equip- 
ment that must be overcome before direct 
application of this technology can occur. 

3. The efforts required are at the research 
level and the primary value of thp work 
done on t h i s contract has been to point 
out this t egu i rement . 



Figure 37. Microwave Process Flow Chart 
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IV. SAMI CS ANALYSES 


All Low-Cost Solar Array (LSA) projects require a 
thorough cost analysis to establish their potential for 
meeting certain specific price goals. Since process cost 
estimation methods differ from one company to the next. 
Solar Array Manufacturing Industry Costing Standards 
(SAMICS) are recommended. The SAMI C S method allows one 
to make a relative comparison between potential prices 
attributable to competing processes and to obtain the 
best possible process price estimate. 

A SAMICS cost analysis was performed for each valid 
process step studied for Phase 2 of the Array Automated 
Assembly Task. Initially, a simplified preliminary cost 
analysis was implemented for each process step, in order 
to elicit a relative comparison between competing pro- 
cesses. The processes which displayed the lowest overall 
cost were selected for use in a model automated produc- 
tion line. Ihe more costly competing processes were re- 
jected . 

Since large volume production at high throughput 
rates is essential for meeting the 1986 LSA goals, the 
automation potential of each of the selected processes 
was evaluated. If s ta te-of - the-a rt technology was avail- 
able to produce automated versions of the current process 
equipment, the automated equipment was utilized in the 
model company. However, in those cases for which current 
technology was deemed inadequate to produce automated 
process equipment, the existing unmodified version was 
utilized in the model company. In several cases, a number 
of important intermediate process steps included within 
a complete process received minor emphasis in this program, 
as they are standard process steps presently in use at 
Photowatt International, Inc. 
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Several SAMICS procedures were updated during the 
course of this program. Therefore, all SAMICS results 
presented in this study reflect the latest SAMICS re- 
visions. 

All hypothetical industries utilized in SAMICS are 
the 1986 standards as defined by the Interim Price Esti- 
mation Guidelines, (IPEG) in Reference (3). Input data 
preparation and process cost computations were performed 
in accordance with References (4), (5), (6) and (7). All 
expense items were evaluated on the basis of the cost 
account catalog in reference (8). If an expense item is 
not included in the cost account catalog (Reference 8), 
it may be located in the temporary catalog (Appendix IV). 
Specific input data utilized in the process cost esti- 
mations are presented in Appendix II and Appendix III. 

A. Description of the Industry 

The structure of the industry is assumed to be 
the 1986 standard industry as defined in Reference (3). 

The model industry is composed of a sequence of com- 
panies, each of which is an independent financial entity. 

A total of five successive companies constitutes the model 
industry. This study focussed on only two of these com- 
panies; the cell manufacturing company and the module man- 
ufacturing company. It was assumed that all remaining 
companies of the model industry operate under the current 
price goals defined in Reference (3). The two companies 
under consideration in this study will hereby be desig- 
nated as CELLCO and MODULCO, which manufacture photo- 
voltaic cells and modules, respectively. 

The basis assumptions utilized in the standard 
industry are listed below: 


(1) CELLCO and MODULCO are vertically Inte- 
grated companies, which share 40 percent of their cor- 
responding markets. CELLCO will purchase wafers from 
WAFERCG at the price of 31 cents per peak watt In 1980 
cents as set forth in Reference (3). MODULCO will pur- 
chase 100? of its solar cells from CELLCO. 

(2) A double burden was not charged for sili- 
con wafers or cells since the companies are assumed 

to be vertically integrated as defined in Reference (6). 

(3) CEI LCO and MODULCO require 4.7 person- sh 1 fts 
per day (24 hrs), for 345 operating days. All remaining 
mod i f i ca t i ons specified in Reference (6) were utilized 

i n the analysis. 

(4) CELLCO and MODULCO maintain a production 
yield of 96.3 and 95.1 , respectively. 

(5) The module cost is based upon both its 
mechanical design and electrical performance capability. 

The detailed product description can be summarized as 

f o 1 1 ows : 

Module Size: 2* x 4* 

Number c f Cells: 119 equivalent modified hexa- 
gonal cells (102 full cells 
and 34 half cells) 

Cell Efficiency: 14.7 after encapsulation 

Packing Factor: 87 

Usable Silicon Per Wafer: fil? 

Cell Size: 90 mm point-to-point diameter modi- p 
fied hexaqonal so’ar cell with 51.3? cm* 

2 

cm area. 

Module Output: 90 watts (0.76 watts/cell) at 

100 mW/cm? insolation. 
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In view of the above specifications, the antici- 
pated annual production quantity for the two companies 
is as follows: 

CELLCO: 278 million solar cells per year 

or 210.3 MW per year. 

M0DULC0: 2.222 million mod‘'les per year or 

200 MW per year. 

These output rates are utilized in the SAMICS analysis. 

The industry definition is presented in Format C, in 
Appendix I. 

B. CELLCO FIRM 

Bl. Comp any Desc rip ti on 

The CELLCO firm is a model company in the 1986 
standard industry which produces solar cells from silicon 
wafers. The annual production quantity for this company 
is 278 million solar cells per year which is equivalent 
to 210 MW. 

The selection of a solar cell fabrication process 
sequence for CELLCO was based on the results of the SAMICS 
cost analysis performed for all process steps investigated 
in this array automated assembly program. A fully auto- 
mated production line consisting of nine solar cell pro- 
cesses was selected for CELLCO. A conceptual layout of 
the model plant is shown in Figure 40. 

The Photowatt/Sensor Technology CELLCO plant was 
designed to produce approximately 40 MW per year, or about 
7200 wafers per hour. Five production lines will therefore 
be required to produce 200 MW per year, which is 40 percent 
of the total market. 

A brief description of each of the nine processes 
selected for use in the CELLCO model plant is given below: 
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TESTING A GROUPING 12 UNITS! 













( C - 1 ) W a_f e r S u r face P repa r a t i on ( W FSURP R ) 

This process step consists of wafer surface 
cleaning, wafer surface texturizing, and final 
cleaning and drying. 

( C - 2 ) Junc t ion Forma ti on ( JU NCF ) 

The junction formation process seguence includes: 
spray-on n + dopant onto the front surface with 
a subsequent IR bake, spray-on p + dopant onto 
the back surface with a subsequent IR bake, dop- 
ant drive-in of both surfaces, followed by excess 
dopant removal . 

(C-3) Front Surface Pattern Printing ( FSPP ) 

An initial process step prior to metallization 
is thick film resist printing by means of a nega- 
tive mask. Metallization pattern printing of the 
front surfdce is followed by a standard drying 
process . 

( C - 4 ) Electroless Nickel Plating (ELNIPL) 

This is an active meta 1 1 i za ti on process. Nickel 
is plated onto the front surface gridline pattern 
as well as the entire back surface. A cleaning 
step after plating completes this process step. 

(C-5) Resist Removal (RESREM ) 

This process consists of wet chemical resist re- 
moval followed by a standard wafer cleaning and 
drying procedure. 

(C-6) Laser scribing (HEXLS) 

An automatic lasercribing system for large volume 
production was developed and utilized in this pro 
gram. The laserscribe performs the scribing of 
solar cells. 
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(C-7) Solder Flow ( SDFLW ) 

The front surface qrid pattern and back surface 
are solder coated in this process. The complete 
solder flow process consists of preheating, flux 
application, solder dipping, and flux removal. 

( C - 8 ) An ti ref 1 ect i v e Co a t i ng ( ARC T) 

The solar cell antiref lective coating is applied 
by silicon nitride plasma deposition. 

(C-9) Cell Testin g and Groupin g (C ELLT EST) 

Solar cells are automatically tested, analyzed 
and grouped according to electrical performance. 

B 2 . P roc e s s De sc r i pt i o n 

B2.1. Wafer Surface Preparation 

B2.1.1. Design for H igh V olume Production 

A wafer surface texturizing study was performed 
in this program with the use of Sensor Technology's exist- 
ing texturizing equipment. On the basis of the resulting 
process cost computation, the conceptual design for the 
large volume production line shown in Figure 41 was de- 
vised. 

This fully automated system consists of twelve 
equally spaced identical tanks. Each tank is capable of 
holding twelve wafer carriers situated on a platform lift. 
Since each wafer carrier can hold up to 50 wafers, 600 
wafers constitute one batch. 

Each batch remains in its corresponding process 
tank for five minutes and then transfers to the next 
station during a one minute time period. The transfer 
mechanism utilized in this process step consists of a 
lifter at each station and an over-hung track conveyor. 

The conveyor transfers each platform to its corresponding 
station, and lifters move the platforms up and down within 
the tank. The function of each tank is specified in Fig- 
ure 41. 



Automatic Texturizing System, 6000 Wafers per hour. 




B2.1.2. Supporting Data for Format A 

The process cost estimation for the wafer sur- 
face preparation task entailed the following cost ele- 


ments . 

B 2. 1.2.1. Equipment Costs 
TEXTURIZING SYSTEM 

Frame and tanks $24,000 

Supporting tanks 4,000 

Ultrasonic and other accessories 12,000 

Moving hoist lifter and conveyor 14,000 

Mail drive system 6,000 

Control system including gauges 10,000 

Engineering and design 10,000 

Burden (501) 40,000 


DRIER SYSTEM 

Tunnel chambers and conveyor $10,000 

Nozzle, heater and fan control 11,000 

Burden (50 ‘ ) 10,000 

LOADER AND UNLOADER SYSTEM 

Two loaders and one conveyor $20,000 

u n 1 o a d e r 

TOTAL SYSI I M COST $171 ,000 


B2.1.2.2. Floor Space 

The layout tor the prototype system depicted in 
Figure 41 indicates a flooi space requirement of 448.82 ft. 

B2.1.2.3. tahoi 

One operator is sufficient to run the fully auto- 
mated texturizing sv tem. It was assumed that the remaining 
labor requirements include 0.1 maintenance man, 0.1 Q.C. in- 
spector, and 0.02 production planer. 
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B 2 . 1 . 2 . 4 . Util [ties a nd Commod ities 

It was assumed that chemical consumption rates 
are directly proportional to the production throughput 
rate. Consequently, each chemical consumption rate util- 
ized in the high volume texturizing system is related to 
its corresponding chemical consumption rate in the actual 
test model by the throughput ratio between the two systems. 

The electrical power consumption rate of 0.289 
KW-hr/minute was estimated on the basis of a thorough de- 
sign analysis performed on the texturizing system shown 
in Figure 41. 

B2.2 Junction For mat ion (JUNF) 

B2.2.1. Design for High Volume Prod uc tion 

The spray-on dopant junction formation system 
utilized in the conceptual high volume production line 
is a modified version of Advanced Concepts Model SC100 
(Ref. 6, Task 15) with a throughput rate of 1200 wafers/hr. 
The junction formation process is composed of three dis- 
tinct process steps. The first process step is spray-on 
of n + and p + polymer dopants onto the front and back wafer 
surfaces, respectively, followed by dopant bake-in. The 
second process step is dopant drive-in. A readily ob- 
tainable, conventional rectangular diffusion furnace with 
a throughput rate of 1200 wafers/hr. is used in this pro- 
cess step. The only additional required equipment util- 
ized for dopant drive-in it an automatic loading device 
for loading wafers into boats, and then boats into the 
diffusion furnace. The third process step is excess dop- 
ant removal which involves dipping a wafer carrier emerg- 
ing from the dopant drive-in process, into a hydrofluoric 
acid etching tank. A three -stage cascade rinse and dry- 
ing procedure completes this process step. 
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The schematic diagram for the conceptual high 
volume junction formation system is presented in Figure 
42. The systematic operation of the spray-on-dopant 
junction formation system can be described as follows: 

(1) wafers are loaded onto conveyor, (2) n + polymer 
dopant is sprayed onto the front wafer surface, (3) 
wafers are transported through I-R oven, (4) wafers are 
flipped over, and the same procedure is repeated with P + 
polymer dopant sprayed on the back wafer surface. 

B2.2.2. Supporting Data for Format A 

The process cost estimation for the spray-on 
dopant junction formation task entailed the following 
cost elements. 

B2 . 2 . 2 . 1 . Etju ijjment 

Equipment cost estimations utilized in the SAMICS 
cost analysis of the spray-on junction formation process 
are presented below. 

SPRAY-ON SYSTEM 

2 spray-on units $40,000 

Loader and unloader 5,000 

Flip over mechanism 2,500 

Pallet return conveyor 500 

PaHets 200 

Total $48,000 

L91VE-1N SYSTEM 

15 KW, 1 500°C , 5" x 7" x 30" 

Brute diffusion furnace $20,000 

Loader and un loader 5,000 

Quartz boats and tubes 500 

Total $25,500 

EXCESS DOPANT REMOVAL 

HF tank and rinse tank $ 4,500 

Material handling system 2,000 

Loader 2,000 

Drier 5,000 

Total $13,500 


$48, 

000 

O 

C\J 

000 

5, 

000 


500 

$25, 

500 

$ 4, 

500 

2. 

000 

2, 

000 


000 

$13, 

500 



f Spray- 
pac i ty ) . 






B2.2.2.2. Moor Space and Labor 

The floor space requirement of 220 sq. ft. was 
estimated on the basis of the schematic diagram presented 
in Figure 42. One operator is sufficient to handle four 
spray-on dopant junction formation systems. The remain- 
ing labor requirements are identical to the wafer surface 
• preparation task. 

B2.2.2.3. II t i 1 i ties and Commodities 

All utility and commodity tequirements presented 
in Format A have been obtained directly from experiments. 

The input data utilized for this process cost 
computation may be located in the appropriate Format A 
of Appendix II. 

B2.3. Front Surface Pattern Printing (FSPP) 

B2.3.1. Design for High Volume Production 

Front surface pattern printing is the third pro- 
cess performed in the CtLLCO firm. This process received 
detailed analysis in Task 6 of Phase 2 of the Array Auto- 
mated Assembly Program (Ref. 9). The conceptual design 
for the high volume front surface pattern printing system 
is depicted in Figure 43. The complete system is composed 
of a printer and an I.R. drier tunnel. The printing unit 
is a modified version of the Fursland Model 33, and has an 
expected throughput rate of 3000 wafers/hr. The l.R. drier 
tunnel is strictly a conceptual design. 

The wafers emerginq from the junction formation 
process station are transported by a pick-up arm device 
to the printer. Ihe printer prints the front surface grid 
pattern design, and then unloads the printed wafers onto 
a transfer conveyer. The transfer conveyor is equipped 
with a hot gas blower for preliminary ink drying, and 
serve-s to facilitate easy water handling between the wafer 
loader and the drier tunnel. 
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Figure 43. Schematic Layout of Automatic Wafer Printing System (3000 wafers/hr. 





B2.3.2. Supporting Data for Fo rmat A 

The process cost computation for the front sur- 
face pattern printing task entailed the following cost 
el ements . 

B2.3.2.1. tqyj_PHent Costs 
PRINTER 


Main machine 

$14,000 

Loader and unloader 

6,000 

Total 

$20,000 

TUNNEL DRIER 


Tunnel chamber and conveyor 

$10,000 

Fans and main driers 

5,000 

Heater and control 

5,000 

Total 

$20,000 


B2.3.2.2. Floor Space 

The floor space estimation of 360 sq. ft. was 
obtained directly from the layout drawing. 

B2.3.2.3. Labor 

One operator is sufficient to operate four com- 
plete printinq systems. All remaining personnel are 
assumed to be identical to the wafer surface preparation 
task . 

B2.3.2.4. Materials 

The direct materials needed for this operation 
are printinq ink and thinner. The consumption rates of 
these materials and their unit prices in terms of 1978 
dollars are: 

Ink: 4.0. x 10 ’ qal/wafer - $36.16 gal. 

Thinner: 8.67 x 1 0 * * qal/wafer - $45.20 gal. 


B2. 3.2.5. Utilities 


The electrical power requi remen t. for each indi- 
vidual unit is as follows: 

Printer (.>.315 ^ W 

Fan motors 0.5 hp x 2 ® 1 hp 

Loader and unloader 0.5 hp x 2 * 1 hp 

Ma indrive 2 hp 

I. R. heaters 3 KW x 5 = 1^5 KW 

Total 18.3 KW 

The input data utilized for this process cost 
computation may be located in the appropriate Format A 
of Append i x II. 


B2.4 Electrol ess Nickel Plating (ENIPt) 

B2.4.1 Design for Hig h Volume Production 

The electroless nickel plating study was performed 
in Task 9 of Phase 2 of the Array Automated Assembly Pro- 
gram (Ref. g). The schematic diagram of the complete sys- 
tem is shown in Figure 44. 

Initial operation of this process begins when the 
wafers are placed into a hydrofluoric acid etchant tank for 
30 seconds and then moved to the oold solution primer metal 
bath for 30 seconds. Next, the wafers are transferred by an 
automatic lifter to the overflow rinse tank. After repetition 
of three cycles of this process, a total of si., wafer car- 
riers is collected at ihe overflow rinse tank. These six 
carriers are then placed into a carrier basket wh^ch auto- 
matically transfers to the electroless nickel plating tanks 
where the wafers remain for five minutes in each tank. The 
wafers are then au t oma t i ca 1 1 y transferred to a two-stage 
cascade rinse system where they reside for ten minutes 
(five minutes in each tank). 
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The throughput rate for the electroless nickel 
plating system is 1800 wafers/hr. The machine "up" time 
fraction is 0.875 by assuming one hour per shift of down- 
time. 

B 2 . 4 . 2 . Supporting Data for Format A 

The process cost computation for the electro- 
less nickel plating task entailed the following cost ele- 
ments. 

B 2 . 4 . 2 . 1 . Equipment Cost 

All plating equipment was designed and fabricated 
at Sensor Technology, Inc. The actual cost of this plat- 
ing system was $8,232.32. An additional $10,000 must be 
added to this figure to include the fully automatic mate- 
rial handling system. 

B2.4.2.2. Floor Space 

Upon taking into consideration operator working 
space, the floor space requirement is 72 sq. ft. 

B 2 . 4 . 2 . 3 . Labor 

One operator can handle four automated systems 
at full capacity. The remaining labor requirements are 
identical to the wafer surface preparation task. 

B 2 . 4 . 2 . 4 Utilities and Comir .o d i t i e s 

Direct measurements from experimental test runs 
yielded the following material consumption rates. 

• 49% hydrofluoric acid: 0.5 cc/wafer = 

0.039 lbs /min. (sp. gr. of bol. = 1.18) 

• Gold plating solution (premixed commercial 

item): 0.5 cc/wafer - 15 cc/min. 

t Nickel platina solution (premixed commer- 
cial item): 5 cc/wafer = 150 cc/min. 

• Nitrogen gas: 10 liters/min. for each tank. 
Total: 20 liters/min. = 0.706 cu. ft. /min. 
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• D.I. water: 1.5 gal/min. for each rinse 
tank. Total: 3 gal/min. = 0.401 cu. ft. /min. 

• Electric power: 3.12 KW heater unit per tank. 

This is used for 30 minutes every three hours. 
Therefore, the power usage factor becomes 
0.1667. Power consumption per minute is 
8.66 watts. 

The input data used for this process cost computa- 
tion may be located in the appropriate Format A of Appen- 
dix II. 

B2.5. Resist Removal (RESREM) 

B2.5.1. Design for High Volume Production 

A plasma etching method was investigated as an al- 
ternative resist remova 1 technique in Task 3 of Phase 2 of 
the Array Automated Assembly Program (Ref. 9). The re- 
sults of a preliminary SAMICS cost analysis for the plasma 
etching process led to the conclusion that it will not meet 
the 1986 ISA program goais. Consequently, the standard wet 
chemical resist removal method then in use by Sensor Tech- 
nology, Inc. will he utilized in the larqe volume produc- 
tion line of CELLCO with the addition of an automatic wafer 
handling system. The schematic diagram of this system, not 
including the automatic material handling system, is de- 
picted in Figure 45. The process equipment consists of 
chemical solution tanks, and an automated material hand- 
ling system. This resist removal process is described be- 
1 ow . 

B2.6.1.1. Three Stage Resist Removal System 

Three 16” x 14" x 10" process tanks are filled 
with resist removal solution. 
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After one hour of processing wafers in the three 
stage resist removal system, the solution in the first 
tank is drained. The solution in the second tank is trans 
ferred to the first tank, and solution in the third tank 
is transferred to the second tank. Clean resist removal 
solution is then supplied to the third tank. In this 
manner, the third process tank always contains clean solu- 
tion relative to the other two tanks. Each tank can pro- 
cess up to six wafer carriers each of which has a 25 wafer 
capacity. An additional 30 seconds per tank must be 
allotted for transfer time, which leads to a total process 
time of 2.5 minutes per tark. The throughput rate for 
this system is 36 00 wafers/hr. 

B2.5.1.2. Methanol Rinse Tank 

After the wafers undergo resist removal, they 
are transferred to a 16" x 14" x 10" methanol rinse tank. 
The processing time at the methanol rinse tank is ident- 
ical to that of the resist removal tanks to preserve pro- 
cess continuity. 

B2.5.1.3. Three Stage l).I. Rinse Tanks 

The final step of this process is a three stage 
cascade D.I. water rinse. The processing time at each of 
the three tanks is two minutes. An additional 30 seconds 
per tank must be allotted for transfer time. Consequently 
the total processing time per tank is 2.5 minutes. 

B2.5.2. Supporting Data for Tormat A 
B2.5.2.1. Equipment Cost Factor 
^ The equipment cost of $10,000 for the resist re- 

moval process was estimated directly from current equip- 
ment prices in the commercial market. The carrier trans- 
fer mechanism was estimated to he $2,000. The useful 
equipment lifetimt is seven years as recommended by IPEG. 


B 2 . 5 . 2 . 2 . Labor and Floor Space 

The floor space requirement of 64 sq. ft. was 
estimated directly from the schematic diagram shown in 
Figure 45. One operator is sufficient to operate four 
complete systems without any difficulty, provided that 
an automated material handling system is included with- 
in the resist removal system. The remaining direct 
labor requirements are •'dentical to the wafer surface 
preparation task. 

B 2 . 5 . 2 . 3 . Commod i t i es and Uti 1 i 1 1 es 

All material and utility consumption rates were 
estimated on the basis of actual experimental data. 

All input data utilized in the process cost com- 
putation of the resist removal process may be located in 
the appropriate Format A of Appendix II. 

B 2 . 6 . H exagonal Lasersc ribing Proc ess (HEXLS ) 

B 2 . 6 . 1 . Des i g n fo r High V olume Pro d u c t i o n 

An indepth study of laserscribing and holing 
automation was performed in Task 12 of Phase 2 of the 
Array Automated Assembly Program (Ref. 9). The con- 
ceptual design for the serial flow laserscribing system 
was developed by a subcontractor, Ouantronix Corporation. 

Figure 46 shows the major components of the 
Serial Flow 1 aserscri bi ng system. This unit is comprised 
of 2 loaders, 2 aligners, 3 dual beam lasers, 4 trepan- 
ning lasers, 4 wafer crackers and a moving surface onto 
which are mounted, at evenly spaced intervals, wafer 
holding chucks. One wafer at a time is removed from its 
storage container and transferred onto a holding chuck 
which carries the wafer through the scribing process. 

The wafer is moved along by conveyor to the wafer aligner 
where the wafer grid lines are oriented in preparation 
for scribing. The wafer is then passed under a dual beam 
laser whose beams are aligned and focused so that two 
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Finished Wafer 
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parallel sides of a hexagon are simultaneously scribed. 

The wafer is then moved at constant speed to the chuck 
rotator which is indexed to turn the wafer 60°. The 
wafer is next moved to laser number 2 where the second 
pair of parallel sides is scribed. The partly scribed 
wafer is again rotated 60° and the last pair of parallel 
sides is scribed by laser number 3. The hexagon scribed 
wafer is next off-loaded from the conveyor and is dis- 
tributed to the trepanner/cracker units. Since it takes 
four times as long to produce holes as to scribe the hex- 
agon, four trepanner/cracker units are needed for each 
hex scriber set of three lasers. 

The finished wafers are finally off-loaded from 
the trepanner/cracker and loaded onto the carousel con- 
veyor which carries them to the wafer scanner where each 
wafer is examined for Completeness of scribing. Accept- 
able wafers are returned to storage containers; defective 
wafers are diverted to the defective wafer packer. The 
empty chucks are transferred to the return conveyor end 
to the loader to receive the next wafer. The scrap sili- 
con, meanwhile, is collected and returned to the recycling 
station. 

The serial flow laserscribing system contains 
several subunits which are utilized for manipulation and 
transfer of wafers through the scribing operation. These 
subunits include: (1) two wafer loaders, (2) wafer 
aligner, (3) wafer chuck/cracker, (4) water rotator, and 
finally, (b) wafer distribution unit. 

The present state of laser development allows 
scribing silicon wafers at sieeds up to 4 in. /sec. and 
trepanning wafers at speeds up to 0.1 in. /sec. It is 
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expected that laser output will improve by 4 times in 
1986, so that scribing speeds of 10 in. /sec. with a dual 
beam laser will be feasible. The wafer throughput will 
be 2 wafers per second since the conveyor speed is 10 in./ 
sec. and the wafers are spaced on 5 inch centers. Wafer 
throughput is 7200 wafers/hr. 


B2.6.2. Supporting Data for Format A 

The process cost estimation for the hexagonal 
laserscribing process entailed the following cost ele- 
ments . 

B 2 . 6 . 2 . 1 . E q u i pm ent Co st Factors 

The equipment prices are in terms of 1978 cents, 
and are based on the criterion that 15 complete systems 
will be manufac tured . The subunit c*.sts are given below. 


Subuni t 

Qty. 

Unit Price 
($1000) 

Laser 

7 

30 

Loader 

2 

3 

A1 i gner 

2 

3 

Packer 

2 

3.5 

Distributor 

1 

5 

Carousel Conveyor 

1 

1 5 

Rotator 

3 

2 

Main Conveyor 

1 

40 

Sensor 

1 

5 

Wafer Chuck 

40 

0.5 


Total ( T housand $ ' s ) 


Total 

(JJOOO) 

210 

6 

6 

7 

5 
15 

6 
40 

5 

20 

320 


B2.6.2.2. Labor and Floor Space 

The floor space requirement takes into consid- 
eration the actual floor space utilised by the entire 
1 aserscr i b i ng system, and also on additional three feet 


of clearance around the unit for working space. One op- 
erator will operate one unit per shift. The remaining 
direct labor requirements are assumed to be identical to 
the wafer surface preparation task. 

B 2 . 6 . 2 . 3 . Commodities and Utilitie s 

B 2 . 6 . 2 . 3 . 1 . Spare P a rts 

Eight percent of the equipment cost is allocated 
for spare parts. This will cover the spare-part require- 
ment for the lifetime of the un’t, which is six years. 

B2.6.2.3.2. Cooling W ater 

7 gals/min. of cooling water is required for an 
input of 8 KW of electrical power. For this unit, which 
requires an input of 80 KW of electrical power, the cool- 
ant requirement becomes 70 gals/min. By assuming an im- 
provement in coolant efficiency by 1986, the coolant re- 
quirement will be reduced to 42 gals/min. per unit. 

B 2. 6. 2. 3. 3. E lectric Power 

The present electrical power conversion effi- 
ciency of lasers is 0.29%. The laser power needed to scribe 
at a rate of 10 in. /sec. is 32 watts/beam which implies 
that an electrical power input of 11.03 KW/beam is required. 
Since each laserscribing machine utilizes 10 beams, the 
power requirement is 111 KW/machine. By assuming that the 
laser efficiency will increase to 0.5 by 1986, the re- 
quired electrical power input will be 64 KW/machine. An 
additional 3 KW of electrical power must be considered for 
support electronics, thus bringing the total power require- 
ment per unit to 67 KW. 


B 2 . 7 . Sol dor F 1 ow an Flu x^ R emo v a 1 ( S DFLW ) 

B2.7.1. Design fo r Hig h Volume Production 

A feasibility study of a high volume solder coat- 
ing process has been performed in Task 10 of Phase 2 of 
the Array Automated Assembly Program (Ref. 6). In this 
study, it was found that the solder dipping method is cap- 
able of performing at a high throughput rate. Consequently, 
a 3600 wafer/hr. conceptual solder dipping and flux re- 
moval system was designed for use in the high volume pro- 
duction line of the CELLCO firm. The schematic diagram 
of the conceptual solder dipping and flux removal system 
is shown in Figure 47. The sequential operation of this 
system is discussed below: 

B2.7.1.1. Flux Appl ication 

A standard dipping procedure of silicon wafers 
into soluble flux is performed initially. 

B2.7.1.2. Preheating Sjlicon Wafers 

Preheating silicon wafers prior to immersion in- 
to the solder bath is highly recommended as a precaution- 
ary measure against thermal shock. The recommended pre- 
heatinq temperature is between 150 and 200°F. 

B2.7.1.3. Solder Dipping 

A fully loaded Fluoroware Teflon PFA wafer car- 
rier is submerged into a solder bath which is maintained 
at a temperature of 475° +26°F. The duration *f this 
dipping procedure is 5-10 seconds. The solder bath must 
be an overflow hath in order to achieve steady voider flow 
at a uniform temperature. 
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Conceptual Solder Coating and Flux Removal System 
[ 3600 wa f ers/ hr . ) 
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B2.7.1.4. Flux C le ani ng 

Since the flux utilized in this process is water 
soluble, a three-stage cascade 0.1. wafer rinse will 
suffice for flux removal. It was found experimentally 
that an ultrasonic agitator in conjunction with a 0.1. 
water rinse will remove flux far more efficiently than 
D.I. water alone. By considering transfer times, the pro- 
cessing time is 2.5 minutes at each tank in the three- 
stage cascade D.I. water rinse system. The 0.1. water 
temperature should be 90°C, so as to preclude the need 
for a separate drying cycle. 

B2.7.2. Support i ng_Da ta for Format A 

The process cost estimation for the solder flow 
and flux removal process entailed the following cost ele- 
ments. 

B2.7.2.1. Ptocess Characteristics 

The throughput rate for this process is 60 wa- 
fers/min. The average time spent at this station is 13.33 
minutes. The machine "up" time fraction is assumed to be 
0.875 by taking into account one hour of machine down- 
time per shift. 

B2. 7.2.2. Equ ipm ent Cost Factors 

The estimated cost of the conceptual high volume 
throughput solder flow and f 1 u .< removal system is as fol- 
1 ows : 

Soldering process S 9. GOO 

Three-stage cascade rinse 11,500 

Material handling 5,000 

Total $25,500 
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B 2 . 7 . 2 . 3 . La bo r and M oor _Sp ace 

The estimated floor space requirement which in- 
cludes working space is 80 sq. ft. One operator can op- 
erate four units. All remaining direct labor requirements 
are identical to the wafer surface preparation task. 

B 2 . 7 . 2 . 4 . Commod 1 1 i e s and U tili ties 

The chemical and direct material consumption 
rates are scaled up proportionately from the values used 
in the current production line. The electrical power con- 
sumption rate for the conceptual high volume throughput 
solder flow and flux removal system has been estimated as 
fol 1 ows : 


Preheater 
Solder bath 
Ultrasonic generator 
D . I . water heater 


3 KW 
5 KW 
3 KW 


Material handling 1.5 KW 

Total 15.5 KW 

All input data utilized for this process cost 
computation may be located in the appropriate Format A 
of Append i x II. 

B 2 . 8 . An ti r e f 1 e ct i ve Coat i n g_ ( ARCT ) 

B2.8.1. Design for High Volume Production 

Silicon nitride plasma deposited A.R. coatings 
were studied in Task 8 of Phase 2 of the a rray Automated 
Assembly Program (Ref. 6). The LFE System 8000 silicon 
nitride plasma depositor shown in Figure 48 was selected 
for use in this study. 

The LFE System 8000 is composed of a vacuum pro- 
cessing chamber which contains five separate process zones 
with the wafer receivinq 20 of its total film in each 
zone in a sequential manner. The wafer passes through a 
vacuum lock at the entrance of the chamber and through an 
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identical vacuum lock after it has been processed through 
all five process locations. Upon completion of this pro- 
cedure, a fully coated wafer will emerge every 120 seconds. 
This throughput rate will need to undergo considerable 
improvement in order to meet the 1986 LSA program goals. 
During the course of this study, it was concluded that the 
LFE System 8000 could be utilized for large volume produc- 
tion by simply performing minor equipment modifications. 

The key design modifications which will lead to 
an enhanced wafer throughput are discussed below. 

B2.8.1.1. The wafer velocity on the process track 
should be increased and the positioning control improved. 

It is imperative that the wafer velocity on the process 
track be increased from 2 in. /sec. to 3 in. /sec. This 
can be achieved by redesigning the vibratory subsystem 
so that an upper velocity limit is established. Since 
each wafer must be accurately positioned in the process 
zone in order to obtain the proper degree of film uni- 
formity, it is necessary to provide a "stop pin" on the 
process track. The stop-pins retreat into the track dur- 
ing wafer movement and then resurface when the wafer move- 
ment ceases. The wafer movement is controlled by a micro- 
processor which receives wafer positioning data from the 
capacitive sensors which are imbedded in the process track. 
The microprocessor controls the turn-on of the vibratory 
mechanism and the stop-pins in accordance with the par- 
ticular timing sequence under consideration and wafer 
positioning information. 

B2.8.1.2. The wafer transition time through the 
vacuum locks should be decreased. The transition time of 
a single wafer from the sender to the vacuum lock and then 
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from the vacuum lock to the process chamber is 30 seconds 
for the present system. In order to move five wafers 
through this sequential transition operation within a 40 
second time period, a new design is required. This new ! 
design has <i cassette mechanism located within the entry 
lock (and aiso the exit lock) allowing for a buffer of 
five wafers In the "ready" zones, namely, the entry and 
exit locks. As each wafer moves into the lock cassette, 
the cassette will index up (or down) one notch In prep- 
aration for the next wafer until all five wafers are re- 
ceived (or dispatched in the case of the exit lock). 

By adopting the above mentioned equipment modifi- 
cations, a wafer throughput rate of 300 wafers/hr. will be 
achieved. Despite the fact that this enhanced wafer 
throughput rate is still not suitable for the 1986 stan- 
dard industry, it is useful to obtain this process cost 
as a means of comparing competing A.R. coating methods. 
Consequently, the modified LFE System 8000 was utilized 
in the high volume production line of the CELLC0 firm. 

B 2 . 8 . 2 . Suppq rti ng Dat a for F ormajt 

The process cost estimation for the antireflec- 
tive coating process entailed the following cost elements. 

82.8.2.1. Equ ipme nt 

The modifications which will take place are: (1) 
a new vibratory conveyor system, (2) a new buffer cassette 
at the entry and exit locks, and (3) a larger micropro- 
cessor. The estimated cost of the modified system will 
be $14,000 provided that more than 20 complete units are 
ordered. At less than 20 units the cost becomes prohibitive. 
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•>-v. 82.8.2.2. Floor Space and labor 

The floor space estimation, Including working 
-space Is 40 sq. ft. It Is assumed that one operator can 
handle up to 10 units, since the equipment Is fully auto* 
mated and processing control Is exercised exclusively 
through a microprocessor. Other direct labor require- 
ments are Identical to the wafer surface preparation 
task. 

82.8.2.3. Utilities and Commodities 

Utilities - Since the deposition rate will re- 
main unchanged, the power increase will be due exclusively 
to the wafer handling unit. It was estimated that the 
total electric power consumption rate will Increase by 25%. 
The power requirement of the modified equipment will there- 
fore be 10.29 KW. 

Materials - Since the aas consumption rate Is con- 
tingent upon the film deposition rate, the gas consumption 
rate will remain Identical to that of the current module. 

All input data utilized for this process cost com- 
putation may be located in the appropriate Format A of 
Appendix II. 

82.9. Cell Testing (CELTEST ) 

B2.9.1. Design for High Volume Production 

An automated solar cell testing system has been 
studied in Tasks (1) and (13) of Phase 2 of the Array Auto- 
mated Assembly Program (Ref. 6). On the basis of these 
studies, the conceptual automated solar cell testing sys- 
tem shown in Figure 49 was designed. This solar cell 
testing system is able to test and group 3600 solar cells 
per hour. The subunits which comprise this system are 
described below. 
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Figure 49. Conceptual Design of Automatic Solar Cell Test System 
(3600 wafers/hr. capacity). 




82.9.1 .1 . Cell Loader 

Five cassettes which contain 25 solar cells each 
are loaded onto solar cell feeders. One solar cell from 
each cassette Is simultaneously loaded onto one of five 
pneumatic conveyors. The time for simultaneously load- 
ing 5 solar cells Is 5 seconds. Therefore, the through- 
put rate for this process step Is 1 solar cell/sec. 

B2.9.1.2. Light Tower 

One 650W Xenon light tower Is located at each of 
the 5 conveyor tracks. Each light tower Is equipped with 
a suitable reflector and power regulator for maintaining 
uniform light Intensity. A stopping mechanism will halt 
the motion of the conveyor for 5 seconds whec. the solar 
cells arrive at the light towers, so that electrical per- 
formance tests may be performed. 

82. 9. 1.3. Probing Mechanism and Data Acquisition 
When a solar cell stops at the light tower, a 
probing mechanism will make contact with it. Electrical 
performance data is subsequently recorded In the micro- 
processor unit through electronic simulator sampler cir- 
cuits. The microprocessor will analyze and store this 
data, as well as compute the maximum power point. It also 
exercises control over the stopping mechanism in the 
grouping station. 

B2.9.1.4. Grouping Station 

Incoming solar cells will stop at one of five 
stopping stations on the basis of input data supplied by 
the microprocessor. A cross pneumatic conveyor will then 
activate solar cell motion in the transverse direction, 
until the solar cell arrives at the storage area. 
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B2.9.1.5. Cell Loader 

Five cassettes are loaded with grouped solar 
cells at this station. The loaded cassettes are then 
transported to the module fabrication station. Rejected 
solar cells are stored at a separate storage area. 

B2.9.2. Supporting Data for Format A 

The process cost estimation for the cell test- 
ing process entailed the following cost elements. 


B2.9.2.1. Equipment 

The estimated cost of each machine element Is 
as follows: 


Loader 

$ 2,500 

Conveyors 

1 ,000 

Light tower and 2 probes 

18,500 

Grouping station 

8,000 

Unloader 

2,500 

Data Acquisition 

15,000 

$47,500 


B2.9.2.2. Floor Space and Labor 

Floor space. Including work space, was esti- 
mated to be 70 sq. ft. One operator Is sufficient to 
operate four units. The remaining direct labor require- 
ments are identical to the wafer surface preparation 


task. 


B2.9.2.3. Ut ilities and Commodities 

The electrical power requirement for this pro- 
cess was estimated as 8.25 KW. There are no commodity re- 
qui rements . 


The input data utilized for this process cost com- 
putation may be located in the appropriate Format A of 
Appendix II. 
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B3. Price Computation 

The price of a solar cell was determined after 
all the data required for each Format A were compiled. 

The cost computation proceeded In accordance with the 
procedure outlined for the process worksheet and company 
worksheet described In Reference 2. Additional expense 
Item Information, which was not Included In the cost 
account catalog In Reference 3, was found In the then 
available market price literature. 

The total cost Incurred at each solar cell pro- 
cess step was manually calculated and can be found In 
Table 28. The cost for each process was further sub- 
divided Into Independent elements which consist of the 
cost In terms of 1980 cents per peak watt for space, 
labor, materials and utilities. 

83. 1. Discussion of Results 

The total added value for CELLCO Is 27.719 cents 
per peak watt In 1980 cents. This value Is slightly higher 
than the IPEG price goal of 26.18 cents per peak watt. 

As shown In Table 28, metallization (step C-4) and A.R. 
coating (step C-8) processes claim a disproportionate share 
of the total cost for CELLCO. The major shortcoming of 
the current electroless nickel plating metallization pro- 
cess Is Its use of costly materials. The major shortcoming 
of the silicon nitride plasma deposition A.R. coating pro- 
cess resides with Its high equipment cost. It Is highly 
recommended that future work should focus on reducing the 
costs of the metallization and A.R. coating processes. 

Two related candidate procedures exhibiting high potential 
for success in this task are spray-on metallization and 
spray-on A.R. coating. Results of non-automated experi- 
ments indicate high quality. 






































































C. MOOULCO Firm 

Cl . Company Description 

The MODULCO firm Is a model company In the 1986 
standard Industry which fabricates solar cell modules 
from solar cells. The annual production quantity for 
this company Is 2.222 million modules per year, which Is 
equivalent to 200 MW per year. 

The module assembly process sequence depicted In 
Figure 50 was selected for MODULCO on the basis of work 
performed In Tasks (11), (14), and (17) of this program 
for Phase 2 of the Array Automated Assembly Task (Ref. 6). 
The conceptual layout of the MOOULCO plant Is shown In 
Figure 51. 

A brief description of each of the seven selected 
processes utilized In the MODULCO model plant Is given 
below. 

( M- 1 ) Solar Cell Interconnection (INCON ) 

In this process, solar cells are Interconnected 
with the use of a flexible printed circuit 
sheet. 

(M-2) Module Lay-up (MDLAYUP ) 

Interconnected cells are layed-up with other 
materials for lamination. The arrangement 
for lay-up is glass/PVB/interconnected solar 
cel Is/PVB/Mylar. 

( M- 3 ) Degassing Process (DEGAS ) 

In this process step, module layers are heated 
to a predesignated temperature. Following the 
degassing procedure, module layers are placed 
into a special fixture, which is subsequently 
transported by conveyor to the autoclave process. 
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Photowatt/Sensor Technology, MODUICO Production Line. 







(M-4) Autoclave Encapsulation (ENCAP) 

The encapsulation process completes the mod- 
ule lamination by heating the module layers 
under low pressure In an autoclave. 

(M-5) Frame Assembly f FRMASEM ) 

The laminated module Is framed in an aluminum 
frame with the use of a suitable sealant mate- 
rial. Terminals are then mounted onto the 
aluminum frame, for connection with the module 
terminal wires. 

(M-6) Module Testing (MDLTES T) 

The electrical performance of the framed mod- 
ules is evaluated at this process step. 

(M-7) Packing and Storage (HDLPKG ) 

Modules are prepared for shipment at this pro- 
cess step. 

The Photowatt/Sensor Technology M00ULC0 plant was 
designed to produce approximately 40 MW per year, which Is 
60 modules/hr. Six production lines will therefore be re- 
quired to produce 200 megawatts per year which amounts to 
40 percent of the total market. 

C2 . Process Description, format A 

C2 . 1 . Cell Interconnecti on (INTCON ) 

C2 .1.1. Desi gn for High Volume Production 

The conceptual production line for the Intercon- 
nection process Is shown in Figure 52. 

C2 .1.1.1. Equipment De sc ription 

C arri er Fixture - The special carrier fixture util- 
ized in this process is shown in Figure 53. This carrier 
fixture is composed of a base 'rame, bottom plunger plate, 
and top cover plate. A flexible printed circuit sheet 
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Layout of Module Fabrication Line 1 Interconnection and Lay-up Stations 
(60 modules/hr . ) . 



Mill be situated on top of the base frame, which Is Inter- 
spersed with holes so that It may easily be perforated 
with plungers. This configuration will also permit the 
soldering Iron tip to reach the back contact points. The 
bottom plunger plate Is equipped with a series of plungers 
fastened at the front contact tab locations. This plate 
Is connected to the base frame by a spring which enables 
the plungers to puncture the base frame when a downward 
pressure Is applied at the base frame. The end result of 
this action is that the flexible printed circuit sheet 
tabs are forced Into an upright position. During this en- 
tire operation, the bottom plunger plate Is locked Into 
position by a catch mechanism, which releases by spring 
action only after the completion of all solar cell posi- 
tions. The bottom plunger plate Is also equipped with 
holes to allow the solder gun tip to reach the back con- 
tact tab locations. The purpose of the cover plate Is to 
secure the sclar cells In position during the entire sol- 
dering operation. All three plates are aligned with the 
flexible printed circuit sheet by means of alignment pins 
and holes. 

Flexible Printed Circuit Sheet Loader - A stan- 
dard sheet loader is used to place the flexible printed 
circuit sheet onto the carrier fixture. The required time 
cycle for this loading process is 30 seconds. 

Plunger Activating Press - The plunger activat- 
ing press will press down the carrier fixture to activate 
the plunger plate, which in turn forces all tabs into an 
upright position. At this point, solar cells may be de- 
posited onto the tabs. 



Cell loader - Two cell loading units are required. 
Each loader will deposit six full cells and two half cells 
from solar cell holders to the carrier fixture. A robot 
arm which has multivacuum pickup cups will pick-up a row 
of solar cells and then rotate 90°. The solar cells are 
then deposited onto tabs which are in an upright position. 
The solar cell deposition time is three seconds per row of 
six full cells and two half cells. 

C over Plate Loader - The cover plate for the 
carrier fixture is placed onto the carrier fixture from the 
return conveyor, after solar cell depositions are completed, 
and the plunger plate has been released to secure the solar 
cells for the soldering operation. 

Soldering Syst em - The soldering system simul- 
taneously solders both the front and back contacts. Two 
rows of solar cells are soldered in one operation. Flame- 
less gas soldering tips are used to ensure quick heating 
without causing gridline degradation. 

Conveyors - A total of three conveyors is required 
for this process. The first conveyor is the one module 
length advance conveyor, located at station *2. The second 
conveyor is a belt conveyor which advances two rows of pat- 
terned solar cells from Station #3 to Station #5. The 
last conveyor returns the carrier fixture and the string 
connections to the lay-up station. 

C2 . 1 . 1 . 2 . Proc ess Des cr i pt ion 

The special carrier fixtures are fed into the pro- 
duction line from the return conveyor. The sheet loader 
(station #1) will load a flexible printed circuit sheet 
onto a carrier fixture which is then transported to Station 
#2. At this station, the plunger activating press will 
press down the carrier fixture to activate the bottom 
plunger plate. This will cause all plungers to pop-up 
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through the tab locations. The carrier fixtures are next 
transferred to Station #3 via conveyor #2. The solar 
cell deposition system (Station #3) will deposit two rows 
of solar cells at each plunger pin. The time for depos- 
iting these two rows of solar cells Is 5 seconds, so that 
all the solar cells for one module are deposited In one 
minute. 

Following the completion of all solar cell depo- 
sitions, the carrier fixture is advanced to Station #4, 
where the cover plate Is placed over the carrier fixture 
to secure the position of the solar cells. At this time, 
the plunger plate is lowered by releasing the ratchet. 

The next process step is the soldering operation (Station 
#5). Each soldering cycle encompasses five seconds. A 
soldering cycle consists of soldering two rows of the 
solar cell Interconnection pattern. The time for com- 
pletion of module interconnection is 60 seconds. The 
Interconnected module is transferred by return conveyor 
to Station #4, where the cover plate is removed from the 
special carrier fixture and then transported to the lay-up 
station. The special carrier fixture is returned to the 
first station. 

C2.1.2. Supporting Data for Format A 

C2. 1.2.1. Process Characteristics 

The throughput rate was designed to be one module 
per minute. The yield factor for this process is assumed 
to be 98.5$. The average conveyor speed is four feet per 
minute, and the conveyor length is 92 feet. The average 
time spent at this station is 28 minutes. The process 
usage time fraction was assumed to be 0.875 by taking into 
consideration an average machine down-time of one hour 
per shift. 
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C2.1.2.2. Equipm ent Cost Factor 

The cost estimation for each system component is 
listed below: 


FCS loader 


$ 5,000 

Plunger activation press 

10,000 

Cell loader 


20,000 

Cover plate 

loader 

10,000 

Soldering machine 

50,000 


Total Cost 

$95,000 

Conveyor #1 


$ 3,000 

Conveyor #2 


5,000 

Conveyor #3 


10,000 


Total Cost 

$18,000 


Carrier fixture - $100/ea. x 34 units ■ $3400 

The useful lifetime of all equipment is assumed 
to be seven years, in accordance with Reference (1). 

C . 2 . 1 . 2 . 3 . Labor a nd F 1 1 o or S pac e 

The floor space requirement was estimated to be 
1400 sq. ft. One operator can operate two complete sys- 
tems. The remaining labor requirements are listed below: 


Production planner 

0.02 

Ma i ntenance man 

0.1 

Q.C. inspector 

0.1 


The above labor requirement specifications apply 
to all remaining process steps. 

C . 2 . 1 .2.4, Uti l_i_ties_ and Cqmmo di tie s 

The direct materials required for this process 
include flexible printed circuit sheets, and compressed 
air for the flameless inert gas soldering equipment. For 
this process, solder is unnecessary since the solder re- 
flow method is used. The electrical power requirement 
estimation is presented as follows. 
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Sheet loader 0.4 KW (H HP with control) 

Plunger press 0.8 KW (1 HP " " ) 

Cell loader 0.8 KW (1 HP " " ) 

Cover plate loader 0.8 KW (1 HP " " ) 

Soldering unit 22.5 KW (Heater, 1 HP Drive, 

and control) 

Three conveyors 2 KW (Approx. 1 HP motor 

per conveyor) 

Total Power 27.3 KW 

The process usage factor Is 1.0 since this system 
operates continuously. Additional process data may be found 
In Format A, In Appendix III. 

C2.2. Module Lay-up Process (MDLAYUP ) 

C2.2.1. Design for High Volume Production 

The conceptual production line for the module 
lay-up process is presented in Figure 52. From this fig- 
ure It can be seen that stations 6 through 11 are the major 
constituents of the conceptual module lay-up production 
line. 


C2 .2.1 . 1 Equipment Description 

The function of this process is to stack layers 
of lamination materials. A total of five lamination mate- 
rials will be stacked with solar cell string assemblies. 
Consequently, various standard sheet loaders will be util- 
ized along with a one module length advancing conveyor. 

The only special loading system which will be required is 
the string assembly loader (Station #8) which transfers 
string assemblies from the interconnection return con- 
veyor to the lay-up conveyor. The string assembly loader 
turns over the cell string assemblies during transfer. 
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A special fixture which plays an Important role 
In the degassing process Is denoted as a "vacuum bag". 
This fixture Is composed of a top and bottom chamber, 
separated by a flexible membrane. Both sections are 
tightly joined together with a special screw and seal 
to maintain a vacuum during the degassing process. The 
precise function of this fixture will be explained in 
greater detail in the degassing process. 

C2.2.1.2. Pr oces s D escriptio n 

The bottom portion of the special fixture vacuum 
bag will be fed into conveyor #4. While this fixture is 
being transported by conveyor, the sheet loaders will de- 
posit encapsulation materials and cell string assemblies 
in the following order: glass, PVB, cell strings, PVB, 
Mylar, and finally, the upper portion of the special fix- 
ture. Each loading station is seoarated by 4 feet so 
that the conveyor v j i 1 1 advance by one module length in 
10 seconds. Since the loading operation itself will take 
place in 50 seconds, tne entire loading cycle will en- 
compass one minute. 

C2.2.2. Sup por ting D ata for Format A 

C2 . 2 . 2 . 1 . Process Char acte ri sti c s 

The production throughput was designed to be 60 
modules per hour and the estimated production yield is 
0.995. The average time expended at this process step 
is 15 minutes since the conveyor length is 60 ft. and 
the average conveyor speed is 4 ft. /min. The usage fac- 
tor for this production line is assumed to be 0.875 by 
considering one hour of down-time per shift. 
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C2.2.2.2. Equipment Cost Factors 

The equipment cost estlmatlcns are presented below: 


S Sheet Loaders ($5,000 ea.) $25,000 

Cell String Assembly Loader 30,000 

Total $55,000 

Conveyor System (60 ft.) $10,000 

120 Fixtures ($100 ea.) 12,000 

Total $22,000 

C2.2.2.3. Floor Space and Labor 


The required floor space Includes working space, 
and was estimated to be 840 sq. ft. One operator can op* 
erate two production lines, and the remaining labor re- 
quirements are Identical to the INTC0N process. 

C2.2.2.4. Utilities and Commodit ies 

The encapsulation materials utilized In this pro- 
cess Include glass, PVB, and Mylar. The electrical power 
requirement for this system was estimated to be 3.78 KM, 
and the usage factor is 1.0. 

Additional process data may be obtained from For- 
mat A in Appendix III. 

C2.3. Degassing Procedure (DEGAS) 

C2.3.1. Design for High Volume Production 
C2.3.1.1. Process Function 

This process will degass air from module inter- 
layers and then seal the module in a vacuum environment 
with a special fixture (vacuum bag). The module layers 
contained in the special fixture are placed into a de- 
gassing chamber where degassing occurs by means of a 
vacuum pump. Following degassing, the fixture is heated 
up to a specified temperature. The module interlayers are 
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then sealed by closing the special fixture while it is 
pressurized from the top fixture through the flexible 
membrane. Following this procedure, the module is trans- 
ferred to the autoclave process. 

C2 .3.1.2. Equipme nt De s cription 

The conceptual production line for this process 
is shown in Figure 54. A total of five degassing chambers 
is utilized to process 60 modules per hour. Each chamber 
can house six modules, which are processed simultaneously. 
The time for loading and unloading each chamber will re- 
quire six minutes, and the degassing process requires 24 
minutes. Therefore, the time cycle for this process is 
30 minutes per chamber. A single 20 HP vacuum pump will 
be used to degas each chamber for 6 minutes. In this 
manner, the vacuum pump can be continuously used for all 
five chambers. Each chamber is equipped with an I.R. 
heater to heat the module layers up to 270°F within a ten 
minute time period. An additional special device required 
for the degassing chamber is an automatic parameter con- 
trol unit which controls the pressure of the upper chamber 
of the fixture after the module is degassed. 

C2.3.1.3. Process description 

The special fixture containing the module layers 
is loaded into the degassing chamber, and connected to 
the degassing pipe lines. Both the top and bottom fix- 
tures will be connected to the vacuum line for degassing. 
After degassing both chambers of the fixture, the fixture 
will be heated up to the proper temperature. The upper 
chamber, which is separated from the bottom chamber by a 
flexible membrane, is pressurized with compressed air. 

The fixture is then disconnected from the degassing line, 
and is completelv sealed. The fixture is now ready for 
the autoclave process. 
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C2.3.2, Suppor ting Data for Fo rmat A 

€2 .3.2.1. Process Char act eristics 

The throughput rate for tills process Is 60 mod- 
ules/hr. The expected production yield Is 0.985. The 
average time expended at this station Is 30 minutes. The 
usage fraction Is assumed to be 0.875, as In previous 
processes . 

C2.3.2.2. Equipment 

The estimated cost for one degassing chamber with 
the capacity to process 6 modules Is $14,400. Since five 
of these units are necessary, the total equipment cost Is 
$72,000. The conveyor cost was estimated as $10,000. 

C2.3.2.3. Floo r S p ace a n d Lab or 

The total floor space requirement was estimated 
from the lay-out drawing to be 280 sq. ft. One operator 
can handle one production line. The remaining direct 
labor requirements are assumed to be Identical to the 
INTC0N process. 

C2 . 3 . 2 . 4 . Commod i ties and ut i 1 1 tie s 

No special commodities are required for this pro- 
cess. Electrical power is the major utility requirement. 
Each chamber contains a 25 KW heater. The total electrical 
power requirement due to these heaters is 125 KW. The 
usage factor for each heater is 0.3. The vacuum pump has 
a 22 KW requirement, with a usage factor of 1.0. Con- 
sequently, the average system power is 59.5 KW (=125 KW x 
0.3 + 22 KW x 1.0). 

Additional process data may be obtained from For- 
mat A in Append i x III. 
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C2.4. Encapsulation (ENCAP) 

C2.4.1. Des ign for High Volume Production 
C2 .4.1.1. Process Function 

This process step Mill secure the laminated layers 
with the application of heat and pressure for a sufficient 
amount of time. The minimum temperature which can be used 
Is 273°F, and the maximum pressure which can be used Is SO 
pslg. 

C2.4.1.2. Equipment 

A total of 10 autoclaves will be used to produce 
60 modules/hr. Each a.itoclave can process 6 modules sim- 
ultaneously. The heater used In each autoclave should be 
capable of heating six modules up to 300°F within 20 min- 
utes. 

C2.4.1.3. Process Description 

Six degassed modules In fixtures are loaded Into 
an autoclave. The loading time for six modules Is 3 min- 
utes. The autoclave Is heated up to 275°F for 20 minutes. 
It Is then pressurized, and slowly cooled to a lower temp- 
erature within a time period of 25 minutes. The total time 
cycle for this process Including loading and unloading 
times will be 60 minutes. The throughput rate for this 
system Is 60 modules/hr. with the use of 10 autoclaves. 

C2.4.2. S upporting Data for For ma t A 
C2.4.2.1. Process Characteris tics 

The throughput rate of this process was designed 
to be 60 modules/hr., with an expected production yield of 
0.995. The average time expended at this station 1$ 60 
minutes, and the usage fraction Is assumed to be 0.875. 
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C2.4.2.2. Eq uipment Cost F actors 

Autoclaves are standard process equipment utilized 
by safety glass manufacturers. The estimated cost of a 
single autoclave for the encapsulation process application 
Is $20*000. Upon taking Into consideration the necessity 
for 10 autoclaves and a conveyor system priced at $10*000* 
t>e total system cost becomes $210*000. 

C2.4. 2. 3. floor Spac e an d Labor 

The required floor space. Including working space, 
has been estimated from the lay-out drawing In Figure 54 
to be 560 sq. ft. One operator can handle ten autoclaves 
without any difficulty. The remaining direct labor re- 
qulrements are Identical to the INTCON process. 

C2 . 4 . 2 . 4 . Co mmoditie s and Utilities 

The required utilities for this process are elec- 
tricity and compressed air. Four 1 KW I.R. heaters are 
needed for heating a single module. Therefore, in order 
to heat six modules per autoclave, 24 KW of electrical 
power will be required. The usage factor for this heater 
is 0.5. The electrical power requirement for the complete 
system thus becomes 120 KW (* 24 KW x 10 x 0.5). The com- 
pressed air requirement was estimated to be 960 cu. ft/hr. 

Additional process data may be obtained from For- 
mat A in Appendix III. 

C2.5. Fram e Assembly (FRMASEM) 

C2 . 5 . 1 . Design _for High Vc 1 u me Pr oduc t ion 

C2.5.1.1. Process. Function 

The purpose of this process step is to perform 
aluminum framing, followed by the mounting of terminals 
onto the aluminum frame. The connection of terminal wires 
to the terminals will complete the module fabrication pro- 
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C2.5. 1 .2. Equipment 

No specialized automated equipment Is used for 
this process. Consequently, manual heat assembly tools, 
assembly tables, and assembly fixtures will suffice for 
the operation of this process. Two production lines are 
used to produce 60 modules/hr. £ach production line con* 
slsts of three substations. These substations will assem- 
ble the frame, terminals and wiring In sequence. The 
layout diagram of these substations Is shown In Figure 
51. 

C2.5.1.3. Process Description 

An encapsulated module Is fed to the production 
line via a branch conveyor. One production line which 
consists of three substations will process one module 
every two minutes. The first substation trims off excess 
PVB and Mylar sheet material with trimmers. This oper- 
ation Is performed manually, and requires two minutes. 

At the second substation, the module Is mounted onto an 
aluminum frame with an assembly fixture and rivet guns. 

This procedure also requires two minutes. At the final 
substation, terminals are mounted onto the aluminum frame, 
and terminal wires are subsequently connected to the 
terminals all In two minutes. The final product emerging 
from this process Is transferred to the testing station 
by conveyor. Two production lines will be used to achieve 
a throughput rate of 60 modules/hr. 

C 2 . 5 . 2 . Supporting Data for Form at A 

C2 .5.2.1. Process Characteristics 

The throughput rate for each production line Is 30 
modules/hr. Since two such lines are used, the system 
throughput Is 60 modules/hr. The average time expended at 
the three substations of each production line Is 6 minutes. 
The usage factor is assumed to be 0.875. 
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C 2 . 5 . 2 . 2 . Equ ipment Cost Factor 

The estimated cost of all required tools was 
$3,000. The estimated cost of the assembly fixtures for 
both assembly lines was $4,000. 

C2.5.2.3. Floor Space and Labor 

The required floor space was estimated from the 
layout diagram in Figure 51 to be 860 sq. ft. Since 
one assembly worker Is needed for each substation, a total 
of six module assemblers will be required for this process. 
The remaining direct labor requirements are Identical to 
the INTC0N process. 

C2.5.2.4. Utilities and Commodities 

The direct materials are the aluminum frame, seal- 
ant material and terminals. The electrical power require- 
ment is continuous, and was assumed to be 2 KW. 

Additional process data may be obtained from For- 
mat A in Appendix III. 

C2 . 6 . Module T est Proc edure ( MDTEST ) 

C2.6.1. Des ign for High Volume Production 

C2 . 6 . 1 . 1 . Proc ess Def in ition 

This function of this process is to test module 
electrical performance, and to print out predesignated 
electrical performance data. 

C2 . 6 . 1 . 2 . Equipm ent Descripti on 

A single conveyor will pass through the simulator 
tower. The data acquisition system will load all input 
data to the microprocessor through solar simulator circuits. 
The data is subsequently processed, and printed out for de- 
livery to various departments. An automatic labeling machine 
is also required to correlate modules with their correspond- 
ing data. The schematic lay out for the complete module 
test system is shuwn in Figure 51. 
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C2.6.1.3. Process Description 

A fully assembled module is fed to the conveyor 
every minute. This module is sequentially labeled by 
number, and then registered at the microprocessor. When 
the module arrives at the solar simulator tower, the mod* 
ule will be stopped, and probing pins will make contact 
with the module's terminals. As soon as light reaches 
the modules, electrical performance data is fed to the 
microprocessor through the data acquisition system. The 
data is then analyzed, and all pre-designated data is 
printed out. The module now transfers to the shipping 
area via conveyor. 

C2.6.2. Supporting Data for Format A 

C2.6.2.1. Process Characteristics 

The throughput rate for this process was designed 
to be 60 modules/hr. The process time at this station is 
six minutes. The usage factor of this system is assumed 
to be 0.875. 

C2.6.2.2. Equipment Cost Factor 

The total system cost was estimated as $75,000. 
This value is based on the automatic data acquisition sys- 
tem studied in this program, as well as Sensor Technology's 
then existing facility. 

C2.6.2.3. Floor Space and Labor 

One operator is capable of operating two module 
test systems. Remaining direct labor requirements are 
identical to previous processes. Floor space, including 
work space, was estimated to be 128 sq. ft. 

C2.6.2.4. Commodities and Utilities 

No materials are required. The only utility re- 
quirement is electrical power. The electrical power needed 
for the light and the drive motor was estimated to be 3 KW 
of continuous power. 
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Additional process data may be obtained from For- 
mat A in Appendix III. 

C2.7. Module Packing Process (MDLPKG) 

C2 .7.1. Design for High Volume Production 

C2 *7.1.1. Process Description 

The function of this process is to pack two mod- 
ules into a plastic case. When three plastic cases are 
fully loaded, they are placed onto a 2' x 2.5' x 4.5* wooden 
box to protect the modules from damage during shipment. 

C2.7.1.2. Equipment Description 

No special equipment is required for this process. 
Standard packing tools and a material handling system will 
be the only necessary equipment. 

C2.7.2. Supporting Data for Format A 

C2.7.2.1. Pr ocess Characteristics 

The output of this process step is one module/min. 
The throughput rate is ten wooden boxes per hour. The aver- 
age time spent at this station is 12 minutes since it takes 
six minutes to collect six modules and six minutes to pack 
them. The usage factor for this process is assumed to be 
0.875. 

C2.7.2.2. E quipment Cost Factor 

The packing tool cost was estimated to be $5,000, 
and the material handling system also estimated to be $5,000. 

C2.7.2.3. Floor Space and Lab or 

The required floor space is 128 sq. ft. This figure 
does not include storage space since the packed module will 
be transported by conveyor to the storage area immediately 
after it is packed. One packer is sufficient to pack the 
modules. Remaining labor requirements are identical to 
previous processes. 
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C2.7.2.4. Commodities and Utilities 

The only direct materials required for this pro- 
cess step are packing materials such as plastic and wooden 
boxes. 

Additional process data may be obtained from For- 
mat A In Appendix III. 

C2.7.3. Price Computation 

The price of a solar cell module was determined 
after the Input data for each Format A was compiled. The 
cost computation proceeded In accordance with the pro- 
cedures outlined in the process worksheets and company work- 
sheets described in Reference (4). Additional expense Item 
Information which was not Included in the cost account cata- 
log in Reference (8) was found in currently available mar- 
ket price literature. 

The overall cost for each module process was man- 
ually calculated and can be found in Table 29. The cost 
for each process was further subdivided into independent 
cost elements which include the cost in terms of 1980 cents 
per peak watt for equipment, floor space, labor, utilities 
and materials. 

C3. Discussion of Results 

The total added value for MODULCO including the 
encapsulation materials is 163.528 cents per peak watt in 
1980 cents. This value is nearly an order of magnitude 
higher than the IPEG price goal of 21.42 cents per peak 
watt set forth in Reference (3). As shown in Table 29, 
the primary cause for the high module cost is the high 
module material cost, which accounts for 156.487 cents per 
peak watt, or 96 percent of the total cost for MODULCO. 
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MODULCO Process Cost Summary (Plan A). Module is Based on Present 
Technology. Costs are In 1980 cents per peak watt. 
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A detailed cost breakdown for the module material 
costs Is presented In Table 30. The single highest mate- 
rial cost element Is the flexible printed circuit sheet, 
which accounts for 119.490 cents per peak watt. The en- 
capsulation material alone, which Includes the glass, PVB, 
Mylar, aluminum frame, sealant, terminals, and packing 
materials, accounts for 36.997 cents per peak watt. This 
value Is very high compared to the IPEG price goal of 3.78 
cents per peak watt for module encapsulation material In 
Reference (3). 

An interesting aspect, not to be overlooked. Is 
„he cost for the module assembly process alone, which Is 
the difference between the total module cost and the sum 
of the flexible printed circuit sheet and the encapsulation 
material cost. The module assembly process cost Is only 
7.042 cents per peak watt. This value is less than one- 
half in the cost goal of 17.64 cents (adjusted) per peak 
watt presented in Reference (3) for the MODULCO module 
assembly process. 

It can be concluded from the above analysis that 
the flexible printed circuit sheet interconnection scheme 
reduces the module assembly cost considerably; however, 
the current high cost of the flexible printed circuit 
sheet is unacceptable. It can also be concluded that the 
encapsulation material used in this program is too ex- 
pensive and will not meet the 1986 IPEG price goals. 

The module selling price (Plan A) which is based 
on present technology and work performed in this array 
automated assembly program, was found to be 158.6 cents 
per peak watt in 1975 cents. This price was obtained by 
summing the added values of each company as shown in Table 
31. The wafer price for WAFERCO, 30.8 cents per peak watt, 
was obtained from the 1986 IPEG price goal in Reference (3). 
The CELLCO price of 27.719 cents per peak watt and the 
MODULCO price of 163.528 cents per peak watt, were both 
obtained earlier. 
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Table 30. Detailed Breakdown of MODULCO Module 
Material Costs (Plan A) in 1980 cents 
per peak watt. 


I tem 

1980 Cents 

Flexible PC Sheet 

119.490 Cents 

Lamination of Glass/PVB/Cel 1 

PVB/Myl ar 

25.634 

Aluminum Frame, Sealant, Terminals 

10.613 

Packing Material 

0.750 

Total Cost 

156.487 Cents 




Table 31. MODULCO Module Selling Price (Plan A) 
In 1980 cents per peak watt. 


L. 


1980 Cents 


WAFERCO 

CELLCO 

MODULCO 

MODULE SELLING PRICE 


30.8 cents 
27.710 " 
163.528 M 
222.047/watt 






The total module selling price of 222.047 cents 
per peak watt Is more than three times the 1986 IPEG 
price goal* which Is 70 cents per peak watt. The module 
encapsulation material cost discussed earlier, was found 
to be the major contributing factor to the high module 
selling price. Recommended encapsulation material modlf- 
Icatlons based on updated technology will be discussed In 
the following section. 

C4. Reco mme nde d D irect Material Modifications 

The recommended M0DULC0 direct material modif- 
ications are listed below: 

(1) The flexible printed circuit sheet should 
be replaced with a stamped copper strip on 
Kapton to reduce the price from $7. 00/ft. 
to $0. 35/ft. 

(2) Replacement of PVB sheet with EVA, to reduce 
the price from $14. 476/ft. to $0. 120/ft. 

(3) The aluminum frame should be modified by 
changing its height and thickness to reduce 
the price from $6. 532/ft. to $0. 266/ft. 

Each of the above mentioned modifications 
is possible with updated technology. 

C4 . 1 . Oi scu s s i o n of Res ul ts 

The cost for each process step in M0DULC0 was com- 
puted with the inclusion of the above recommended direct 
material modifications and Is shown in Table 32. The total 
added value of M0DULC0 is 39.399 cents per peak watt in 
1980 cents. This revised value is still much too high when 
compared to the IPEG price goal of 21.420 cents per peak 
watt in 1980 cents. 

A detailed breakdown of the revised module material 
costs (Plan B) is presented in Table 33. It can be seen 
from this table that the module encapsulation materials 
alone account for 26.384 cents per peak watt which is well 
above the IPEG price goal of 3.78 cents per peak watt for 
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Table 33. Detailed Breakdown of MODULCO Module Material 
Costs (Plan B) in 1980 cents per peak watt. 


I tern 

1980 Cents 

Stamped Copper Strip 

5.975 cents 

Lamination of Glass/EVA/Cel 1 / 
EVA/Mylar 

19.712 

Aluminum Frame, Sealant, Terminals | 

| 5.922 

Packing Material | 

O 

1/1 

O 

Total Cost 

32 . 3596/watt 
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module encapsulation materials. The net module price 
without considering the encapsulation materials Is 13.015 
cents per peak watt which Is below the IPEG price goal of 
17.64 cents per peak watt. 

The module selling price (Plan B) based on up- 
dated technology was found to be97.gi8 cents per peak watt 
In 1980 cents. This price was obtained by summing the 
added values of each company as shown In Table 34. 

The total module selling price of 97.918 cents 
per peak watt exceeds the 1986 IPEG price goal of 70 cents 
per peak watt In 1980 cents. 

The major contributing factor In this cost over- 
run was the module encapsulation material cost. Since the 
encapsulation material task did not play a featured role 
In this program, It received only a cursory analysis. Con- 
sequently, It Is highly recommended that future work be 
directed towards the development of alternative, low-cost 
encapsulation materials. 

D. SAMICS PROCESS COST CONCLUSION 

It can be concluded from a detailed SAMICS pro- 
cess cost analysis that the solar cell process costs and 
the module assembly costs (excluding the encapsulation 
material costs) are In line with the 1986 ISA cost goals. 

A significant reduction in the overall solar cell 
fabrication cost can be achieved by reducing the metal- 
lization and anti ref lective coating costs. Candidates for 
reducing the cost of these two procedures are spray-on 
metallization and spray-on antireflective coating, respec- 
tively. 
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The total module selling price of 97.918 cents 
per watt exceeds the 1986 ISA price goal of 70 cents per 
peak watt In 1980 cents. The major contributing factor 
for this cost over-run was the module encapsulation mate- 
rials cost. Since the encapsulation material task did 
not play a featured role In this program, It received 
only a cursory analysis. Consequently, It Is recommended 
that future work be directed toward the development of 
alternative, low-cost encapsulation materials. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

The following is a summary of the conclusions and recom- 
mendations presented throughout this report. Figure 55 is 
a flow chart of the entire process In its final form. 

The Wa j [£r Surface^ Pr^aration Teohni^ue^ 

without the H 2 S0 4 /H 2 0 2 rinse and using an air dry was found 
effective, both technically and cost wise. RECOMMENDED 

Spray -on > ' a notion Formation 

is considered to be a major accomplishment of this contract 
and therefore, HIGHLY RECOMMENDED. 

Aluminum Sgraji^on Met^J^zafbion 

was found to have some problems associated with it but they 
were easily solved and the throughput/cost advantages, when 
automated, make this process RECOMMENDED. 

5pray-on Antijieflea_ti ve Coating, 

like the Aluminum Spray-on metallization, needs automation. 
With it, the process, as modified, is RECOMMENDED. 

Convej^ori^d Dopant 

was found to be UNACCEPTABLE. 

Plasma Efohin^_ of Thick Filrn Resist^ 

was found to be too time consuming and costly. Therefore, it 
is UNACCEPTABLE. 

Wafer Pfrintin^ 

was found to be ACCEPTABLE. 

Lojj Pre_ssur_e Vapor Metal Dej^osftionji 

because of the inability to verify, can not be classed. NO 
RECOMMENDATIONS. 

Wafer Pj^atincj 

In the present technology this was found to be effective. It 
represents the highest cost in wafer processing but it is 
RECOMMENDED. 
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Solder^ Coating and FJ_ux Semoval_ t 

as optimized, were found ACCEPTABLE. 


Silicon Nitride AR Coating 

shows promise but, as It currently exists. It Is UNACCEPTABLE. 
Laeer Trimming and Holing, 

with the serial flow technique. Is HIGHLY RECOMMENDED. 

Laser Scanning Inspection 

was found to need major modification. Since this modifica- 
tion does not appear to be forthcoming in the near future, 
the technique was found UNACCEPTABLE, BUT WITH POTENTIAL. 

Cell Handling for Module Con8truction 

as outlined in the body of this report (Section III, 0) Is 
RECOMMENDED. 

Module Fabrication 'j£chni£ue 

was found to be too material intensive to be in line with 1986 
goals and therefore, NEEDS FURTHER MODIFICATION. 

Cell Te8t_ Data Acjufsition 

Is RECOMMENDED. 

Microwave Use_ In Fabrication 

was found to show promise but, at the present level of accom- 
plishments, Is UNACCEPTABLE, BUT WITH POTENTIAL. 


219 


REFERENCES 


r . ! 


I 

1 


I 

t 

1. 6.T. Jones and S. Chitre, ER0A/JPL-954605-78/5, De- 

| velopment of Low-Cost, High Energy-Per-Uni t-Area 

' Sola r Cell Mod ules , Final Report, JPL Contract 

954305 ; LS *$ A 'Project, Automated Array Assembly Task, 

1 April 1978, Sensor Technology, Inc. 

2. S.R. Chitre, The Conference Record of the Thirteenth 
IEEE Photovoltaic Specialists Conference - 1978, IEEE 

; Press, p. 152 (1978). 

3. R.G. Chamberlain and R.W. Aster, JPL-5101-33, "Interim 

| Price Estimation Guidelines, A Precursor Adjunct to 

‘ SAMIS III," Jet Propulsion Laboratory, Pasadena, CA, 

September 10, 1977. 

i 

! 4. R.G. Chamberlain, JPL-5101-15, "SAM1CS (Solar Array 

Manufacturing Industry Costing Standards) Workbook," 

Jet Propulsion Laboratory, Pasadena, CA, September 

j 1977. 

5. R.G. Chamberlain, JPL-5101-44, "SAMICS Input Data 
Preparation (Solar Array Manufacturing Industry Cost- 

' ing Standards)," Jet Propulsion Laboratory, Pasadena, 

CA, September 30, 1977. 

6. R.G. Chamberlain, JPL-5101-59, "SAMICS Usage Update 
No. 1," Jet Propulsion Laboratory, Pasadena, CA, 

February 1 , 1978. 

7. R.G. Chamberlain, JPL-5101-44A, "SAMICS Input Data 
Preparation (Solar Array Manufacturing Industry Cost- 
ing Standards)," Jet Propulsion Laboratory, Pasadena, 

CA, March 1 , 1979. 

8. SAMICS Support Study, Final Report, Volume 1, "Cost 
Account Catalog," ERDA/JPL-954800-77/2. 1 , Theodore 
Barry & Associates, Management Consultants, Los Angeles, 
New York, Atlanta, Chicago, September 1977. 

9. S.S. Rhee, G.T. Jones and K.L. Allison, DOE/ JPL-954865- 
79/5, Phase 2 Array Automated Assembly Task, Annual Re- 

j Report, JPL Contract 954865, LSA Project, Automated 

: ' Assembly Task, January 1979 by Sensor Technology (un- 

publ i shed) . 


preceding page blank not RLMED 


A 


220 




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT C 


-ftl 


INDUSTRY DESCRIPTION 


jct nort'uioN laboratory 

CdifptmU i Imtitutt of TV bnology 

4800 0*k Gt6t4 Of. / PdJodtt m ( Cditf. 9110$ 


Cl 

C2 


Industry Referent 

Description (Optional) 


SAMICS ~ 86 

1986 STANDARD INDUSTRY 


INDUSTRY OBJECTIVE 

C3 Industry Result New Low er Cost Solar Mo dules 

C4 Quantity Produced _500 Mega Watts/yr. 

DESCRIPTION OF THE FINAL PRODUCT OF THE INDUSTRY 


C5 

Reference PKDMDL 

Nam. Packed Module 

C6 

Production is Measured in 

5.56 Million Module /yr. 

C7 

Hardware Performance 

90 peak watt/module (C4i»rC6) 

C8 

Product Design Description (Optional) Module with 2* X 4 1 dimensions 


Contain 119 equivalent full hexagonal cells of 90 nun 

diameter, and produces 90 watts at 28°C, 

100 mw/cm^ 

insolation. 

MAKERS OF THE FINAL PRODUCT OF THE INDUSTRY 


C9 Company Reference MODULCO 

Market Share 40% 

Company Reference 

Market Share 

Company Reference , 

Market Share 


* The remaining companies are smaller than MODULCO, 
and are not listed. 


Prepared by Date 

V-v* 

JPU 3039 — S 11/77 
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APPENDIX II 


COMPANY DESCRIPTION, FORMAT B 
AND 

PROCESS DESCRIPTION, FORMATS A 
for 

CELLCO FIRM 


1 


B3 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 
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FORMAT B 


COMFANY DI SCRETION 


JIT mom SION LAROMIOI \ 

Csltfotms Ini. n*tt of Tt, bnnl^ni 

4#tf K) Osk Cirott Pt / Pd* sdrns CJ • ' 91 fl'M 


B1 Company Referent CELLCO 

B2 Description (Opnonai) Standard 1986, Waf er-To-Ce 1 1 Company 


Product Produced P VCKLL 


B4 



Process 

CELTEST 

B5 

Intermediate Product 

ARCC 

Pr ocess 

ARCT 


Intermediate Product 

PDC 






Process 

SDFLW 


Intermediate Product 

IIEXC 

Pr ocess 

HEXLS 


Intermediate Product 

CLNC 

Process 

RES REM 


Intermediate Product 

NIPLC 

Pi ocess 

ELNIPL 


Intermediate Product 

PSPPW 

Process 

FSPP 


Intermediate Product 

JUNFW 

Pr ocess 

JUNCF 


Intermediate Product 

SURPRW 

Process 

WFSURPR 


Intermediate Product 


Pi ocess 



Intermediate Product 


Process 



Intermediate Product 


Pm *‘ss 


B6 

Purchased Product PWAFEH 



B7 

Supplier Company Rch 

WAFER CO 


Peiuent Supplied 100% 


Supplier Company R» , 

• '•«* 


Peicent Supplied 


Prepared by 



. Ddte 


JPL 30 J8 - s 11,7 7 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


i 




PROCESS DESCRIPTION 


JET P»om SION LABORATORY 
Csitform m Imntisit e 1 T 0*^90 tog) 

4fMO Osk Grot r t^r ( Ps>*J> (sit* 9//»H 


Note: Names given In brackets [ ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program. 


A1 Process [R«fiir«nt| - SFSURPR 

A2 [ Descriptive Namel Wafer Surfa c e Preparation 


PART 1 - PRODUCT DESCRIPTION 

A3 [Product Referent! SURPRWF 

A4 Descriptive Name [Product Name! Texturize d and S urface Cleaned Wafer 


A5 Unit Of Measure iPrnrinn Units) Wafer 

PART 2 PROCESS CHARACTERISTICS 


A6 

[Output Rate) (Not Thruput) 

99.5 

Units (given on line A5) Per Operating Minute 

A7 

Average Time at Station 
(Processing Time] 

-S&- 

Calendar Minutes (Used only to compute 
in process inventory) 

A6 

Machine *Up" Time Fraction 

[Usage Fraction] 



Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS [Machine Description) 


A9 Component I Referent | _™OTNK_ DRTUN WF » DMC 


A9« Component IDeicriptiwe Name! (Optional) 


Process 

Tanks 


Drier Wafer 

Tunnel Handling 


A10 

All 

A12 

A13 

AM 


Bate Year For Equipment Price* (Price Yeer) 
Purchase Price (S Per Component) (Purchase Co*tl 
Anticipated Useful Lite (Years) | Useful Lite | 

I Salvage Valuel ($ Per Component) 

(Removal and Installation Cost I (S/Component) 


197 8 

3120,0.10 

7_ 

$ 1 0,000 

_ $4.000 


1978 

$31,000 

7 

$3,000 

$ 2.00 0 


1978 

$ 20,000 

7 

$ 1,000 

$500 


Note The SAMICS III computer program also promttts lot the [payment float mtervall . the (inflation rate table! . the 
(equipment U» depreciation method! and the (equipment book depreciation method) In the LSA SAMICS conteat. 
use 0.0. <197b. 4 0). DDB and SL 
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Format A Process Description (Continued) 


A15 


Process Referent (From Page 1 Line A1) . 


WFSURPR 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities; OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 


A16 

Catalog Number 
lExpense Item 
Referent) 

A 2064 D 

A18 

Amount Required 

Per Machine (Per Shift) 
(Amount per Machine| 

448 

A19 

Units 

Sq. ft. 

A17 

Requirement Description 

Factory Space (Type A) 

B 3672 D ' 

i 

Prsn.a year 

chemical Operator* IT 

B 3720 D 

0.1 

M II II 

Inspector (Q.C.) 

B 3736 D 

0.05 

Prsn.a vear 


B 3688 D 

0.05 

Prsn.a year 

Electronics Maint. 

B 3256 B 

0.02 

ti ii it 

Production Planner 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements) 


A 20 

Catalog Number 
(Expense Item 
Referent) 


A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle| 


ET-J.q£LL-JX 
ET 1QQ2 D 
E 16QQ D 
E 1416 D 



0.03 

$LJ12 

0 .0832 

Q.Q1531 
IQ 

JML1 

0.289 


.JL L5-. 


A23 A21 

Units Requirement Description 


Liter _ 

i riuiuui utanyieue 

Methanol 

Lbs. 

Sodium Hydroxide 

Cu.Ft. Nitroqen Gas 

Cu.Ft. 

D. I .Water 

Cu.Ft. 


Cu.Ft. 

Natural Gas 

Kw.Hr. 

Electric Power . 

Gal. 

Polluted Water 

_ Wafer 

fiejgslsd-. Wafer 


PART 6 - INTRA INDUSTRY PRODUCT (S) REQUIRED (Required Products! 


A24 

A26 

A27 

A25 

(Product 

Usable Output Per 



Reference) 

Unit of Input Product 

Units 

Product Name 

E_ WAFER . 

-0^5 

Wafer / Wa 

Water from Wafer Co 



L 


i 


Prepered by 


Date 


»l VI Hit SIDt J*L 3037 S n 7/78 





SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDARDS 




FORMAT A 


PROCESS DESCRIPTION 


JtT riortIJION LABORATORY 

m •/ T# .*•<•/«#» 

4Rf»f» Osk C,rot 0 / F**J,*j W PM 


A1 


Proem | Referent) 


JUNCF 


Note Names given In brackets I ] 
art the names of proem attributes 
requested by the SAM ICS III 
computer program. 


A2 


[Descriptive Name) 


Junction Formation by Spray-On Dopant 


Process Method 


PART 1 - PRODUCT DESCRIPTION 

A3 [Product Referentl — 

A4 Descriptive Name [Product Name) _ 

and back surface 


Waf»' i 


field 


with 


A5 


Unit Of Measure | Product Units) 


Wafer 


junction formation 


PART 2 - PROCESS CHARACTERISTICS 


A6 

[Output Ratal (Not Thnjput) 

19.9 

* ’nus (given on line A5) Per Operating Minute 

A7 

Average Time et Station 

[Processing Time) 

107 

Calendar Minutes (Used only to compute 
in proem inventory) 

A8 

Machine "Up" Time Fraction 

[Usage Fraction) 

0.875 

Operating Minutes Per Minute 

PART 3 

- EQUIPMENT COST FACTORS (Machine Deter ip tion| 


A9 

Comporent I Referentl 

SPRMC DRFURN ETCHMC 


A9a Component I Descriptive Name] (Optional) 


Spray-on 
Syste m 


Dopant 

Drive-in 


Excess 

Dopant 


A10 Base Year For Equipment Prices [Price Year) 

A1 1 Purchase Price (S Per Component) [Purchase Cost] 
A12 Anticipated Useful Life (Years) [Useful Life) 

A13 ISelvege Value] ($ Per Component) 

AM (Removal and Installation Cost I (S/Component) 


1970 

1078 

1978 

48200 

25500 

13500 

7 

7 

7 

5000 


1000 

1QQQ 

„5HQ 

2HQ- _ 


Note The SAM ICS III computer program also prompts lor the (payment float interval) , the [inflation rate table) . the 
[equipment ta* depreciation method) and the [equipment book depreciation method) . In the ISA SAM ICS context, 
use 0 0. (1975, 4.0). DDB and SI 


22 7 


jet 103 7 S H7/7i 


Format A Process Description (Continued) 


A15 Process Referent (From Page 1 Line A1) JUNCF 


PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

I Facilities and Personnel Requirements) 


Alfi 

Catalog Number 


A18 

Amount Required 


A19 


A17 


I Expense Item 
Referent | 


Per Machine (Per Shift) 
(Amount per M«ichme| 


Units 


Requirement Description 


-Jl~2Q-64 D _ 229 S g, ft. F actory Space (Type A ) 

n V7H A n n 9 ^ llrcn - \rr* Dno rafnr* 


D 3704 D 

0.25 

i'rsn-yr . 


R 3720 D 

- 0.02 

•1 M 


B 3736 D 

0.02 

M II 


. B 3256 B . 

BRilifli 

h n 

Production Planner 




PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements) 


A 20 

Catalog Number 
lExpense Item 
Referent) 

ET 1003 

D 

D 

A22 

Amount Required 

Per Machine Per Minute 

I Amount per Cycle) 

5 x 10' 3 

A23 

Units 

1/min. 

A21 

Requirement Description 

Phosphosi lica Dopant 

ET T0T54" 

~!T x 1 ’ 

l/min. 

TTorosilica Dopant 

E 13115" 

D 


Cu. Ft/min. 

Nitrogen Gas 

E 1448 D 


8.83 x 10 _ J 

Cu. ft/min. 

Oxiqen Gas 

£ 1328 D 


Q - 026 

lbs. /min. 

Hydrofloric Acid 

C 2032 D 


4 

Cu. ft . /min. 

Clean Compressed Air 

C 1144 D 


0.1334 

Cu. f t . /min . 

D.I. water 

C 1016 13 


0.267 

Cu. f t . /min. 

Domestic water 

C 1032 B 


0.575 

Kw.hr/min. 


D 1048 B 


2.902 

■;,i l/nin . 

Poluted water 

n 10 6 4 1 ) 


0. 1 

Wafer/min. 

Reiected water 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A?4 

A26 

A27 

A25 

(Product 

Usable Output Per 



Referencel 

Unit of Input Product 

Umtt 

Product Name 

SURPRWF 

. I 

Wafer / Wafer 

Surface Prepared 

1 


Prepared by 


Date 


MtviftsrsiDf 3037 s N 7/?e 


78 







SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


i 


PROCESS DESCRIPTION 


jtT non mm* i ARoRATom 

C mil 1 T#< Imolfigy 

4**1 OA rv I C*%' 9 f/iH 


A1 


Process | Referent 1 


FSPP 


Note Names given in brackets ( ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program 


A? 


I Descriptive Namel 


FRONT SURFACE PATTERN PRINTING 


PART 1 - PRODUCT DESCRIPTION 

A3 1 Product Referent) _ ^ 

A4 r)wrintiw» N»m» i Putrinr, Mim»| Front Surface Printed Wafer 


Ab 


Unit Of Measure iProduct Umts|_ 


Wafer 


PART 2 PROCESS CHARACTERISTICS 


A6 

lOutput Rate) (Not Thruput) 

4 9 .3_ 

Units (given on line Ab) Per Operating Minute 

A7 

Average Time at Station 
[Processing T ime] 

Machine Up" T imc Fraction 
[Usage Fraction) 

16 

Calendar Minutes (Used only to compute 

A8 

0.87S 

in process inventory) 
Operating Minutes Per Minute 




PART 3 - EQUIPMENT COST FACTOHS [M.« chine Descr ipl ion) 
A9 Component i Referent) 

A9a Component (Descriptive N.ime| (Optional) 



A10 

All 

A12 

A13 

A14 


Hair Year For Equipment Prices [Price Year) 
Purchase Price (S Per Component) (Purchase Cost) 
Anticu>ateO Useful Life |Y ears) | Useful L» fr | 

I Salvage Value | (S Per Component) 

(Removal and Installation Cost! (S/C urn portent ) 


iaii_ 

2 

2 r li£U) 

200 


... 132 a _ 

10, QQO 

2 

i.ooa 

1,500 


Note The SAMICS III computer program «ltu prompt* tor the |p«v m ent tlojt interval] . the [inflation rate tablel . the 
[equipment u> depreciation method j end the [equipment book detwecietion method] In the LSA SAMICS content 
um 0 0. (197b 4 01. DDB. *nd SL 


229 


jet 303 / » mt/t» 


Format A Proem Description (Continued) 


repp 

A15 Process Referent (From Page 1 Line A 1 ) _ 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 


A16 

Catalog Number 
| Expense Item 
Referent) 

A. 2064 D 

A18 

Amount Required 

Per Machine (Per Shift) 
(Amount per Machine) 

260 

A19 

Units 

Sq.ft. 

A17 

Requirement Description 

Factorv Space (Type A) 


0.25 

Fersn/yr 

Operator 

B 3*7 n 

0.05 

M •• 

Maintenance Mech II. 


0.01 

N •• 

Production Plannar 

JJ^372Q_D 

0^05 

M N 

Inapector 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs! end (Utilities end Commodities Requirements! 


A?0 


A 22 


Catalog Number 
(Expense Item 
Referent | 

ET 1005 J) 
ET 1006 D 
C 1032 n 
D 1064 D 


Amount Required 
Per Machine Per Minute 

1 Amount per Cycle| 

2 x 10* 

0. 334 x 10*3 ‘ 
0.305 
0.20 


A23 

m21 

Units 

Requirement Description 

gal/min. 

Resist Tank 

'M 1 At. i n . 

Thinner 

Kw-hr/min. 

Electric Po vc r 

Wafer/min . 

Rejected water 


PART 6 INTRA INDUSTRY PRODUCTS REQUIRED (Required Product*! 


A24 A26 

(Product Utable Output Per 

Reference! Unit of input Product 


A27 


Un.tt 


A25> 

Product N»rne 


JUNK W 


. 996 


Wa t crJ Wafer 

L 

l 


Wafer after diffusion 


Prepared by 


Date 


HIVtMSr §101 J*L KJ37 5 « )/*• 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 



I ^ PROCESS DESCRIPTION 

j»:t non is ion laboratory 

Ctltiornis of Tfihmolngy 

iHOO 0*k (iron Hr / Pmden* Cslt f 91 /fM 


A1 


Process (Referent) 


ELNIPL 


Note: Names given in brackets [ ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program. 


A2 (Descriptive Name) Elec trole ss Nickel Plating . 


PART 1 - PRODUCT DESCRIPTION 

A3 f Product Referent) NIPL C 

A4 Descriptive Name (Product Name) Nickel Plate d Cell 


A5 Unit Of Measure (Product Units) Cell 


PART 2 - PROCESS CHARACTERISTICS 

A6 (Output Rate) (Not Thruput) 2 9 »_8.2 Units (given on line A5) Per Operating Minute 

A7 Average Time at Station 2D Calendar Minutes (Used only to compute 

[Processing Time) in-process inventory) 

A8 Machine "Up" Time Fraction Q - 87 5 Operating Minutes Per Minute 

(Usage Fraction) 


PART 3 

- EQUIPMENT COST FACTORS (Mach.ne Description! 



A9 

Component 1 Referent I 

NIPLTK 

MTLHNDL 


A9a 

Component [Descriptive Name) (Optional) 

Nickel 

Programable 




Plating 

Material Handling 




system 

system 


A10 

Base Year For Equipment Prices [Price Year) 

1978 

1978 


All 

Purchase Price ($ Per Component) [Purchase Cost) _ 

8232 

10,000 

— 

A12 

Anticipated Useful Lite (Years) | Useful Lite) 

7 

7 


A13 

iSalvage Value) ($ Per Component) 

800 

1.000 


A 14 

I Removal and Installation Costl (S/Component) 

900 

-Ljmfl- 



Note The SAM ICS III computer program also prompts for the [payment float interval) , the [inflation rate table) , the 
(equipment tax depreciation method) , and the [equipment book depreciation method) . In the LSA SAMICS context, 
use 0 0, (1975, 4 0). DDB. and SL 
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JPL 3037 S R 7/78 


Format A Pnxreis Description (Continued) 


A15 Process Referent (From Page 1 Lino A1) e*IjK li L. 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

[Facilities and Personnel Requirements) 


A1G 

Catalog Number 
(Expense Item 
Referent) 

A 2064 D 

A18 

Amount Required 

Per Machine (Per Shift) 
(Amount per Machine! 

72 

sq. 

A19 

Units 

ft. 


A17 

Requirement Description 

Factory Space 


B 3672 D 

(57TS 

prsn • a 

yr. 

Chemical Operator 

II 

B 372(T D 

0.05 

it 

•i 

II 

Inspector (Q.C.) 


B 3736 D 


it 

M 

II 


in 

B 3688 D 

jiHiH 

»i 

n 

II 

Electronic Maint. 


B 1 2 r > l) B 

0 . 0 1 

H 

ii 

U 

Production Planncx 


PART S DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

iByproduct Outputs) and (Utilities and Commodities Requirements) 


A 20 

Catalog Number 
(Expense Item 
Refluent | 

.D. 

FT 1007 n 

A22 

Amount Required 

Per Machine Per Minute 
(Amount per Cycle! 

0. Q39 

A23 

Units 

1 hs. 

A21 

Requirement Description 

Hydrofluoric Acid 

0.015 

1 it-ar 

Hold Solution 

JiT 111 OH 

o. i sn 

1 i tnr 

N i nkn 1 finluMrm 

E 1416 D 

0. 7Q6 

mi - f f - 

Nifrngpn gAR 

C 1144 D . 

0. 4U1 

r*u . f t ^ 

I) wa t r 





1Q12 B 

n. nnR7 

Kw . Hr . 

Flp.clr ir»_i ty 

-D-.11Z6..IL _ 

Q.lflfl 

0.11- 

Beiected Cell 


PART 6 INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products! 


A24 

(Product 

Reference! 


A26 

Usable Output Per 
Unit of Input Product 


A27 

Units 


A2b 

Product Name 


FSFTW 


0.994 


Cel 1 / Wa f< r 

z 

i 


Front Surface Pat. 
Pr inT Water 


Prepared by 


Pate 


SIOI JPl 3037 S M 7/7B 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 





FORMAT A 


PROCESS DESCRIPTION 


JIT PROPI'LSION LABORATORY 

Csi$form$4 of Te^nology 

4HOO Ojk Grot* P* / PtJtdrn* Cdt 1 9 / /<H 


Note: Names given In brackets [ ) 
are the names of process attributes 
requested by the SAM ICS III 
computer program. 


A1 

Process [Referent] 

RES REM 

A2 

[Descriptive Name] — 

THICK RESIST REMOVAL BY WET CHEMICAL METHOD 


PART 1 - PRODUCT DESCRIPTION 

CLNC 


A3 


[ Product Referent! 


A4 Descriptive Name I Product Name) . 


Cleaned Photovoltaic Cell 


A5 Unit Of Measure iProduct Units!. 


Cell 


PART 2 - PROCESS CHARACTERISTICS 

A6 (Output Rate) (Not Thruput) 


60 


Units (given on line A5) Per Operating Minute 


17 5 

A7 Average Time at Station 

[Processing Time] 

A8 Machine "Up ' Time Fraction 

[Usage Fraction] 


0. 875 


Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS [Machine Description! 

STRIPTANK 

A9 Component IReferentl 

A9a Component [Descriptive Name! (Optional) 


Hoist 


Stripper 
Tank System 


Lifter 



A10 Base Year For Equipment Prices [Price Year] 


_iaxa_ 


1 97a 


All Purchase Price ($ Per Component) [Purchase Cost] 1 Q t QQQ 

A12 Anticipated Useful Life (Years) | Useful Life| 2 

A13 1 Salvage Value | (S Per Component) 

A14 [Removal and Installation Cost I (S/Component) 


2.1101) 


1,000 

1,000 


_500 

500 


Note The SAMICS III computer program also prompts tor the [payment float interval] , the [inflation rate table) . the 
[equipment tax depreciation method] , and the [equipment book depreciation method! . In the LSA SAMICS context 
use 0 0. (1975, 4 0). DDB, and Sl 
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JPL 3037 S R7/78 


Format A Ptocess Description (Continued) 


A15 Process Referent (From Page 1 Line A1) 


RESREM 


PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (r -10-1) 

[Facilities and Personnel Requirements] 


Catalog Number 
lExpense Item 
Referent I 
A 2064 D 


D 3736 D 
B 3720 5 
B 3688 D 
B 3256 B 


Amount Required 
Per Machine (Per Shift) 
lAmount per M.iclune| 

64 

“ T7775 

0.05 


Q.(LL_ 


Units Requirement C ascription 

Sq.ft. Floor Space (Type A) 

’rsn.a yr. ' Chemic al Cperator IT' 

” : : . spactac- CQ.r.. ) 

Mr.r'fva i Leal Ma i ntenanct 

!L **«*» t' Mamfenae: _ 

_ _ ' . on r 'l 


PART 5 - DIRECT REQUIREMENTS PER MACHIf. . « ** \UI- 

iByproduct Outputsl and [Utilities and Commodities Requirements! 


A20 

A22 

A23 

A 21 

Catalog Number 

Amount Required 



lExpense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent | 

lAmount pe* Cyc!e| 




ex inoqn _ 0.210 


ET 1QQ2D 

0.084 

C 1144 D 

0.4813 

C 2032 D 

_JL. 0111 - 

C 1032 B 

_0.2Q01 



D 1048 B 

3.68 



D 1064 D 0.010, 



Cu.lt./miiL. 
Cu.f L./min. 
Kw.hr. /min. 



Gal/min. 



ilel 1/min. . 




PART 6 INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Productsl 


A24 

A26 

A27 

A25 

1 Product 

Usable Output Per 



Reference! 

Unit of Input Product 

Units 

Product Name 

NIPLC 

0. 9995 

Ce 11 /Cell 

Cleaned cell 



1 




1 


Prepared by 



Date 


vt nsr smt .'pl 3037 s nr /re 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


i 


JIT PBOFI IRION I ABO».*rom 

( Imilti*!* "t Tfiknolng) 

J* '* Ojk fv / PjuJimj Cs.. 


PROCFSS DESCRIPTION 


yi JCH 


Note Names given in brackets [ ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program 


A1 

A2 


{Referent) 
[Descriptive Name) 


ilEXLS 


Serial Flow Laserscribe System 

( Laser Trimming and Holing Operation) 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referentl 11EXC 

A4 Descriptive Name [Product Nam«») Hexagonal Cell 


A5 Unit Of Measure [Product Units! , Cells 


PART 2 PROCESS CHARACTERISTICS 


A6 (Output Rate) (Not Thruput) 119.4 

Average Time at Station Q*312 

|Pr -cpis. »g T ime] 


*\H * . i Up" ^ -me Fraction 0 . 95 

! f Fiacticdj 

PAK’T o PMENT COST FACTORS [Machine Description) 


Units (given on line A5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in piocess inventory) 
Operating Minutes Per Minute 


A9 Component [Referentl 

A9a Component Descriptive Njmel (Optional) 


Serial Flow 


A 10 
All 
A12 

A13 

A 14 


Base Year For Equipment Prices (Price Yean 
Purchase Price 1$ Per Component) (Purchase Cost 1 
Anticipated Useful L ie (Years) |Usetul L i te | 
'Salvage Value! ($ Per Component) 

[Removal and Installation Cost (S/Component) 


1986 

520 # utiO 
6 


, 

15,600 



Note The SAMICS III computer program also prompts for the [payment float interval) . the (inflation rate table) , the 
[equipment tax depreciation method) and the [equipment hook depreciation method) . In the LSA SAM ICS context, 
use 0 0. (1975. 4 0). DDB, and SL 
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JPl 303 7 S R7/78 


Format A Process Description (Continued) 


A16 Process Referent (From Page 1 Line A1) HHXl.fi 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

[Facilities and Personnel Requirements! 

A16 A 18 A19 A17 


Catalog Numbei Amount Required 

[Expense Item Per Machine (Per Shift) Units Requirement Description 


Reforentl 

A 2064 D 

| Amount per Machinel 

250 

sq.ft. 

Factory Space 

~ IT 3704 11 

T.tr 

rrsn-; -yr*. 

Machine Operators 

B 3720 D 

0. 1 

Trsn. -yr. 

Inspector (Q.C.) 

B 3736 D 

0.06 

Prsn . -yr . 

Maintenance 

B 3688 D 

0.04 

Prsn . -yr . 

Electronics Main. 

B 3256 B 

0.02 

Prsn. -yr. 

Production Planner 


PART 5 DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

[Byproduct Outputsl and [Utilities and Commodil'ii Requirements! 

A 20 A22 A23 A21 


Catalog Number Amount Required 

[Expense Item Per M: June Per Minute 
Referent| .. Amount per Cycle | 


_ j taic-jQ - 

(1 lUlu B — 
. C. 1Q32 11- 
.n 1176 n 


Q.011 
5.. fa 15 
1.1 12 
U.lill 


Units 


dal 1 .ir/mi n . 

n A/nti n . 

Kw-hr/min. 
Ce 1 1 , min. 


Requirement Description 


Spam p.irts 


Elec tric power 
Rejected Cell 


PART 6 INTHA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 

A24 A2t> A 21 A2b 

IProiluct Usable Output Per 

Reference Unit of Input Product Units Product Name 

0.995 Cellar Colls Cleaned cells 

I 
I 


CLNC 


Preparetl bv 


Date 


"luxsi situ jei .to.ir s •« v»a 


It 


\ 


I 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 




I) 


)U 

jit non i mon i Alton trout 

■ *. . pmi /flitiitii f Tfita > 

4 *« » f)*| firi'i# /W / V f 1 1 


PROCESS DESCRIPTION 


Note Names given in brackets | ) 
are the names of process attributes 
requested by the SAM ICS III 
computer program 


A1 Process | Referent I 


A2 (Descriptive Name) 


■IQLDUR- COAXING AND 1LLUX ..REMOVAL 


PART 1 PRODUCT DESCRIPTION 

A3 (Product Hefeientl 

A4 Descriptive Name ( Product Name) 


CouLud Cull 


Ab Unit Of Measure iProcfuct Umtsl Cull 

PART 2 PROCESS CHARACTERISTICS 


A6 

(Output Rate | (Not Thruput) 

>9. 

Units (given on line Ab) Per Operating Minute 

a; 

Average T ime at Station 
[Processing T ime) 

1 1. J 3 3 

Calendar Minutes (Used only to compute 
in priKess inventory) 

AH 

Machine Up Time fraction 
( Usage f r action) 

0.875 

Operating Minutes Per Minute 


PART 3 EQUIPMENT COST f ACTORS (Machine Description 


A9 

Component Referent I 

SDMC 

FLCLMC 

MATH NO L 

A 9a 

Component (Descriptive Name! (Optional) 

SOLDER 

FLUX 

MATFRI Al. 



Coat ii ■ 

Cleani ng 

Hand] inq 



Machine 

Machine 

Macluaic 

A10 

Haw Year for Equipment Prices (Price Year) 

Dill) 

1 1 , >00 

5 . 000 

A 1 1 

Purchase Price ($ Pei Component) (Purchase l ostl 

1 7 H 

1978 

1 9 

A12 

Anticquted Useful Life (Years) | Useful Lite) 

*7 



A13 

ISaKaiie Value) (S Pei Component) 

l 4 800 

2*000 

1,000 1 

AM 

Removal and Installation Cost (S/Component) 

500 

JUO 

IQ 


Note The SAMICS III computet program alto prompts foi the (payment float interval) the (inflation late table! the 
| equipment ta* depreciation method! and the (equipment book depreciation method) In the l SA SAM ICS content 
us* 0 0 (197b 4 01 DDB and SI 

jet jot; b n if ;n 


f 


Format A Process Description (Continued) 


A15 Process Referent (From Pain* 1 Line All SD E LOW 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Penonnsl) 

(Facilities and Personnel Requirements) 


A16 

AIR 

A19 

A17 

Catalog Number 

Amount Required 



|E*pense Item 

Per Machine (Per Shift! 

Units 

Requirement Description 

Referent | 

| Amount per Machine! 




iLactory Spa no (Type A) 

Chemical Ope.raLnr 1J- 

lnspcctor 

Mnph.tnir.tl Mai nte.nance 

ilLcctr ical Maintenance 
rxoductixui Planner 


_ Uflt4 JL 

B 1672 H) 


ii Jta 88 D 
II 


-flU 

0-25 


0»Q5 




Q. ILL 


Sg . Ft 



I PARTS DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

| IByprodurt Outputs! and (Utilities and Commodities Requirements! 


A20 

Catalog Number 
|E*pemr Item 
Referent | 

ET 1010 D 

A22 

Amount Required 

Per Machine Per Minute 

I Amount per Cvcle| 

l . r > X 1 0“ * 

A23 

Units 

Gal/min . 

A21 

Requirement Description 

Solder Flux 

et run d 

0TU5U 

1 bs/min . 

6 ) '40 Solder 

C 1144 D 

1 7TO5 

Cu ft. 

D. 1 . .Yater 

C "IOTTT 

0. 

Kw. Rr 'min. 

Elect t icity 

_ i J -1 8 Li 

a.Q 

iti 1 /min . 

Tol l uLlilI Wnt.iir 

. n inft n 

0^12 

Cu 11/mi ii - 

Po joct od Co 1 1 






PART 6 INTRA INDUSTRY PRODUCTIS) REQUIRED (Required Products! 

A?4 A26 A27 A2S 

(Product Usable Output Per 

Reference! Unit of ln|>ut Product Units Product Name 

.998 II i Coll Hexagonal Scribed Cell 

/ ' 
/ 


Prepared by Date 


><i vi msi situ jfl war s •< r/re 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


o 


JIT PROM IRION I.ARORATORV 

( sit* >m*s Inittttif Tt> knolngy 

risk C.rott lit / PsisJtns Csli * 9 / / fM 


PROCESS DESCRIPTION 


A1 


Process (Referent) 


ARCT 


Note Names given In brackets [ ] 
are the names of process attributes 
requested by the SAMICS III 
computer program 


A2 I Descriptive Name) Silicon Nitride Anti-Reflection Coating 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referent) ARCC 

A4 Descriptive Name I Product N*rru»| AR COATED CELLS 


A5 Unit Of Measure (Product Umlsl 


PART 2- PROCESS CHARACTERISTICS 


A6 

(Output Rate) (Not Thruput) 

4.98 

Units (given on line A5) Per Operating Minute 

A7 

Average Time at Station 

.20 

Calendar Minutes (Used only to compute 

A8 

(Processing Time) 

Machine Up" Time F r action 

. 875 

in process inventory) 

Operating Minutes Per Minute 

[Usage F r action | 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 Component |Referent| 


LFES 


A9a Component (Descriptive Namel (Optional) 


LFE 8000 


A10 

All 

A12 

A13 

AM 


Base Year For Equipment Prices (Price Year] 
Purchase Price (S Per Component) [Purchase Cost) 
Anticipated Useful Life (Years) | Useful Lite | 
(Salvage Value] <$ Per Component) 

(Removal and Installation Cost (S/Corr.ponent) 


1978 

74 . 000 
7 

10.000 

5,000 



Note The SAMICS III comi>uter program also prompts for the [payment float interval) . the (inflation rate table) . the 
(equipment ta* depreciation method) . and the (equipment book depreciation method) In the LSA SAMICS context, 
use 0 0 (197b 4 0). DDB and SL 
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JPL 3037 S R7/78 


Format A Process Description (Continued) 


A15 Process Referent (From Page 1 Line A1) ARCT 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

[Facilities and Personnel Requirements) 


Catalog Number 
I Expense Item 
Refe, ent| 

A 2064 D 


B 3704 D 


Amount Required 
Per Machine (Per Shift) 
(Amount per Machine) 

0 


Requirement Description 







PART 5 DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and [Utilities and Commodities Requirements) 


A?0 

Catalog Number 
lExpense Item 
Referent | 

C 1037 B 
T7T 1017T5 


15 1 TT-TD 


A22 

Amount Required 
Per Machine Per Minute 
| Amount per Cycle| 

. 17 ] > 

.069 

(T.UT 


Units Requirement Description 

Kw.hrs./min. Electric Tower 
Cu. ft/min. 1.5% silanc/argon 


Cell /rain . 


Rejected" cc 1 1 


PART 6 INTRA INDUSTRY PRODUCTISI REQUIRED [Required Product*! 


A24 A26 

Product Useble Output Pt't 

Reference! Unit of Input Product 

SDC 0.996 


Unii» Product Name 

Cell / _ Ce 1 1 S ol d er dipped cel 1^ 

/ 


Prepared by 


HtvtnsrsiOt j»»l 3037 s M 7 /th 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


Note Names given In brackets ( ) 
are the names of process attributes 
requested by the SAM ICS III 
computer program 


A1 

Process (Referent) 

CELTEST 

A2 

(Descriptive Name] - 

Cell Electric Performance Test and Grouping 


Process 


PROCESS DESCRIPTION 


i»t rmorn.aioN laboratory 

( of Tt.tmol* t* 

4 #frwi 0*4 G*o»» fV / e*>*4»«* C.sitf 9llo1 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referent! TESTC 

A4 Descriptive Name (Product N^m»| Tested and Grouped Cell 


A5 Unit Of Measure (Product Units! 11 


PART 2 PROCESS CHARACTERISTICS 


A6 

lOutput Rate! (Not Thruput) 

59.64 

Units (given on line A5) Per Operating Minute 

A7 

Average I ime at Station 
(Processing T ime] 


Calendar Minutes (Used only to compute 
in process inventory) 

A8 

Machine Up" Time F r action 
(Usage F i action] 

-Q.B75 

Derating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS (Machine Description! 


A9 Component | Referent! 

A9a Component IDescnpiive Name! (Optional) 


CTG 

Cell tester 

axui urGaj-LLnq 
machine. 


A10 Hair Year For Equipment Prices (Pr*ce Year] 197 B 


All 

A12 

AI3 

AM 


Purchase Puce (S Pei Component) (Purchase Cost] 
Anticipated Useful Life (Years) | Useful L<fe| 
Salvage Value! ($ Per Component) 

[Removal and Installation Cost (S/Component) 


4 7 r i UU 

1 

, 


Note The SAMlCS III comjxjter program also prompts for the [payment float interval’ the [inflation rate table] , the 
[equipment ta* depreciation methodl and the (equipment book depreciation method) In the LSA SAMlCS content 
us* 0 0 ( 197b 4 0). DDB and SL 


2 A 1 


je L JO J 7 b HJ/7B 


, 

Format A Process Description (Continued) 

Alb Process Relerent (From Page 1 Line All CELTES T 

PART 4 OIRECT REQUIREMENTS Pf ' MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

i Facilities end Perionnel Requirement! j jj 


A1G 

Catalog Number 
(Expense Item 
Referent | 

A 2Q6 4 D _ 

A18 

Amount Required 

Per Machine (Per Shift) 
(Amount per Machine) 

70 

A19 

Units 

Sq.ft. . . 

A17 

Requirement Description 

Factory Space (Type A) 

■ a.276&-D 

0.15 

Prsn^vr. 

Tester 

■rwrnB 

■2 

Inspector 

ft 3716 D - 

0.03 



_B 368fl.JL_ 

0.02 

Prsn^yr. 


. _ JI.QJ 

Prsn.yr. 

. Production Planner 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputsl and lUtilitie* and Commodities Requirement*! 


A 20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



|Expen\p Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent | 

(Amount per Cyclel 



C 1032 B 

0.1375 

Kw.hr. /min. 

Electricity 


D 1174 D 

0.36 

Ccll/min. 

Re locted Co a 


PART 6 INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Product*! 


A24 

A26 

A27 

A25 

1 Product 

Usable Output Per 



Reference) 

Unit of Input Product 

Ur. its 

Product Name 

ARCC 

0.994 

Cell / Cell 

A .R . C< ated Ce 1 1 

/ 

i 

Prepared by 



Date 


H, vt r»;,r sidi jet jojr s *«»/»■ 





T 

jl 

I 

APPENDIX III 

COMPANY DESCRIPTION, FORMAT B 
AND 

PROCESS DESCRIPTION, FORMATS A 
for 

MODULCO FIRM 




I 


' 


SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDARDS 


-U 




FORMAT B 


COMPANY DESCRIPTION 


in PMOrVt' ON LUOMTOIT 
m Imittimf* *f TtikmoUt* 

4«r*> 0#4 Or f C*h1 91/01 


B1 Company Referent MQDULCO 

B2 D*»cnpiioo (Optiomii Module Fabrication From Photovoltaic Celia 


B3 

Product Produced 

MDL 



B4 



Process 

MDLPKG 

B5 

Int'rmedute Product 

TESTEDMDL 





PVMDL 

Process 

MDLTEST 


Intermediate Product 






Process 

FRMASHM 


Intermediate Product 

ENCAPMDL 






Process 

ENCAP 


Intermediate Product 

VAC BAG D 






Process 

DEGAS 


Intermediate Product 

MD LAYER 






Process 

MDLAYUP 


Intermediate Product 

MDSTRING 






Process 

INCON 


Intermediate Product 







Process 



Intermediate Product 







Process 



Intermediate Product 







Process 



Intermediate Product 





Intermediate Product 


Process 

■ 




Process 


B6 

Purchased Product PVCELL 



B7 

Supplier Company Reference CELLCO 


Percent Supplied 1 0 0 % 


Supplier Company Reference 


Percent Supplied 







Prepared by 


Date 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


PROCESS DESCRIPTION 


JI T I'ROPI I ftlON LABORATORY 
C slth.rnts ImilttM* of Tfi*nalot\ 

Otk Crott fV / PtiaJm* Csitf 9 / / <H 


A1 Process (Referent). 


INTCON 


Note: Names given in brackets ( ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program. 


A2 I Descriptive Namel Cell Interconnec t ion Through Flexible 


Circuit Sheet 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referent | CELSTRNG 

A4 Descriptive Name (Product Nam*! Interconnected cell strings for module. 


0.985 


23 


A5 Unit Qf Measure (Product Units) String 

PART 2 

A6 
A7 
A8 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 
A9 
A9a 


: - PROCESS CHARACTERISTICS 

I Output Rate I (Not Thruput) 


Average Time at Station 
[Processing Timej 

Machine "Up" Time Fraction 
[Usage Fraction) 


0.875 


— Units (given on line A5) Per Operating Minute 

— Calendar Minutes (Used only to compute 

in process inventory) 

— Operating Minutes Per Minute 


Component 'Referent) 

Component (Descriptive Name) (Optional) 


All machine 


Fixture 


Two Loader Conv. # 1 Carrier 


Cell deposi to r Conv. # 2 Fixture 
Sold M/C Conv. # 3 


A10 
All 
A12 
A13 
A 14 


JJ?78 


Bate Year For Equipment Prices (Price Year] 

Purchase Price (S Per Component) (Purchase Cost) 95 . OQQ 

Anticipate*} Useful Life (Yearsl (Useful Lite | 2 

(Salvage Value| (S Per Component) ZQ , Df)f) 

(Removal and Installation Cost! (S/Component) S 0Q O 




2 




1978 


.IjADSL 


J. 


r QQQ - 


Note The SAMICS III computer piogram slso prompts for the (payment float interval! . the (inflation rate table) , the 
(equipment tax depreciation method I and the (equipment book, depreciation method) . In the LSA SAMICS context, 
use 0 0, (1975 4.0) DDB and SL 


2 47 




.n*:’ 


JPL 303 7 S R7/78 


Format A Process Description (Continneill 


A 15 Process Referent (From Paqe 1 line AO INI LON ______ 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities! OR PER MACHINE PER SHIFT (Pmonnill 

(Facilities anil Personnel Requirements! 


Aib 

A18 

A19 

A17 

Catalog Number 

Amount Required 



{Expense Item 

Pei Machine (Per Shift) 

Units 

Requirement Description 

Referent 1 

| Amount per Machine! 



A 2064 D 

1400 

sy.-_.fiLi 

Floor a izaoo 


B 5704 P 
U 2 7A> P 
_B_J7 JO U 
_B 3256 B 


0.5 

0.1 

0.02 


_Pr.su ^ 
Pxanx.xr* 


Maintenance Mech II. 


PART 5 DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

IByproduct Outputs) and (Utilities and Commodities Requirements) 


A 20 

Catalog Number 
| Expense Item 
Referent I 

ET 1021 D 

A22 

Amount Required 

Per Machine Per Minute 
[Amount per Cycle) 

i 

A23 A21 

Unit! Requirement Description 

Sheet Flexible Circuit Sheet 


irzoirr 

10(5 

cu. ft. Compressed air 




C 1032 B" 

0.45T 

Kw. hr . /min . Electric! ty 


PART 6 INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

A26 

A27 

A2b 

[Product 

Usable Output Per 



Reference! 

Unit of Input Product 

Units 

Product Name 

pv 

0.0082 8 

Strinij Cell 

Phot >vo I • aic Ce l l . 



1 




/ 



Prepared by 


Data 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


j([| PROCESS DESCRIPTION 

j»t non i «i»s uooitToo 

I sit* Nllllllt * f#. P«l l*i * 

4 *«** 0 «| ('.n-u /W / P* i ««r V//i * 


A 1 

Process l Referent | 

MD LAYUP 

A2 

(Descriptive Namel _ 

Module Elements Lay-up 


Note Names given in brackets | ) 
are the names of process attributes 
request ml by the SAM ICS III 
computer program 


PART t - PRODUCT DESCRIPTION 

AJ (Product Heteientl _ MDLAYER 

A4 Descriptive Name (Product Namel Module El ement i.ayprs in ££0 Bg r order > 


Ab Unit Of Measure (Prodm t Unitsl . Mo dule 


PART 2 PROCESS CHARACTERISTICS 


A6 

1 Output Rate! (Not Thruput) 

. 995 

Units (given on line Ab) Per Operating Minute 

a; 

Average Time at Station 
(Processing T imt) 

15 

— Calendar Minutes (Used only to compute 
in -process inventory) 

AH 

Machine *Up" Time f rectum 
(Usage 1 racoon] 

0,875 

0|H*rating Minutes Per Minute 


PART 3 EQUIPMENT COST FACTORS iMarh.ne Description! 

„ „ LOADER CONVEYOR FIXTURE 

A9 Component Heterrntl 


A9a Component (Descriptive Name! (Optional) 


Six loaders 


120 fixtures 


A10 Base Year For t giupment Piices (Price Yeeil 
All Purchase Price (S Per Component! ( Purchase Costl 
A12 Anticipated Useful Lite (Years) | Useful lde| 

A13 ! Salvage Valuel (S Per Component) 

A14 iHemoval and Initallation Cost I I S/Component I 


1076 
') r ) , 000 
7 

10,000 

4 ,000 


1978 

10,000 

7 

2 , 000 

2,000 


1978 
1 2 , 000 
5 

1,200 


Note The SAMICS III computer program also prompts tor the (peyment float interval I . the (inflation rate table | the 
|ai|uipment lav depreciation method I end the (equipment boot depreciation methodl in the ISA SAMICS content 
UN 0 0 (197b. 4 01. DOH and SL 


24 9 
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Format A Process Description (Continued) 


A15 Process Referent 

(From Page 1 Line AD 

MDLAYUP 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnal) 

[Facilities and Personnel Requirements) 



A16 

A18 

A19 

A17 

Catalog Number 

Amount Required 



[Expense R*m 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent) 

| Amount per Machine) 



A 2064 D 

840 

Sq.ft. 

Floor space 

B 3704 D 

0 . 5 

Prsn/yr. 


B 3436 D 

0. 1 

Prsn/yr . 

■ mu ii mi— . 

B 3720 D 

0.1 

Prsn/yr. 

Inspector (Q.C.) 

B 3256 B 

0.02 

tt ii 

Prod. Planner 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and lUtilitie> and Commodities Requirements! 


A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Desciiption 

Referent) 

1 Amount per Cycle| 




_ET 1Q21 D 
ET.. 1Q2J J I 


lfi_ 





Sunadex Glass 0.125 Te mpered 

PVB 0.015“ 

Mylar 0.005 in . 


C 1Q32 B 


ILJliLI 



Electricity. 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED I Required Products! 


A24 

I Product 
Reference! 


A26 

Usable Output Per 
Unit of Input Product 


A27 

Units 


A25 

Product Name 


CK 


d.2 23. l-lod ul<y , . i n g Cell String 

I 


Prepared by 


Date 


REVERSF Slot JPL 3037 S M 7/7B 




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


fJU 


FORMAT A 

PROCESS DESCRIPTION 


jet rRommoN laboratory 

Ctitfam* /••m*/. nt 7>. A«o/of> 

4HOO OuJ /7 mm Dr / P*<jJ**4 91 10* 


Note: Names given In brackets [ ] 
are the names of process attributes 
requested by the SAM ICS III 
computer program. 


A1 Process | Referent | . 


DEGAS 


M [ D.tchptive n.™i Degassing Procedure of Module Layer 


PART 1 - PRODUCT DESCRIPTION 


A3 [Product Referent) 


VACBAGED 


A4 Descriptive N.me (Product N.m.1 VaCUUI " Ba 99 ed M ° dule La V er 


A5 Unit Of Measure [Product Unitsl _ 

PART 2 - PROCESS CHARACTERISTICS 


Module 


A6 

(Output Rate) (Not Thruput) 

0.985 

A7 

Average Time at Station 
[Processing Time) 

Machine "Up" Time Fraction 
[Usage Fraction) 

30 

A8 

0.875 



Units (given on line A5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS [Machine Description) 

A9 Component i Referent) 

A9a Component [Descriptive Namel (Optional) 


A10 

All 

A12 

A13 

AM 


Degassing 

e ( I ui P- 

5 unit 

1978 


Base Year For Equipment Prices [Price Year) 

Purchase Price ($ Per Component) [Purchase Cost) 72 j 00 0 

Anticipated Useful Life (Years) | Useful Life| 7 

[Salvage Value | (S Per Component) 15 , QQQ _ 

[Removal and Installation Cost) (S/Component) l Q^QQQ 


Conv. 


Conveyor 
for both 
stations 

1978 

10,000 

7 

2, QQQ 

L, QUO 


Note The SAM ICS III computer program also prompts for the [payment float interval) . the [inflation rate table) . the 
[equipment tax depreciation method) . and the [equipment book depreciation method) . In the LSA SAM ICS context, 
use 0 0. (1975. 4 0). DOB. and SL 


251 
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~"1 


Format A Process Description (Continued) 

A15 Process Referent (From Page 1 Line A1) DEGAS 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements] 


A16 

Catalog Number 

I Expense Item 
Referent] 

A 2064 D 

A18 

Amount Required 

Per Machine (Per Shift) 
lAmount per Machine] 

280 

A19 

Units 

sq.ft. 

A17 

Requirement Description 

Floor space 

& 1 , i 

1 ! 

4- l 1 

B 3080 

i 

Prsn. yr. 

Module Assembler 


B 3676 D 

0.1 

Prsn.yr . 

Maintenance Mech. II 


B 3720 D 

0.1 

Px sn.yr . 

Inspector (Q.C.) 


B 3256 B 

0.02 

Prsn.yr. 

Prod. Planner 



PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs] and (Utilities and Commodities Requirements] 


A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



lExpense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent] 

(Amount per Cycle] 



■C. 1QJ2- B 

Q« 992 

Kw. hr/min. 

Electricity 




PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products] 


A24 

(Product 

Reference] 


A26 

Usable Output Per 
Unit of Input Product 


A27 

Units 


A25 

Product Name 


MDLAYER 


0.985 


Module^ Module Module Layer 

/ 

i 


Prepared by 


Date 


REVERSE SIDE JPL 3037 S « 7/78 


I 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 




FORMAT A 


PROCESS DESCRIPTION 


jkt r.orii »ion iAtoi»Toit 

f m of Tttbmoiogy 

410*0 0 *k Ctnte Dr t CsiO 9 / / tM 


A1 Process | Referent). 


ENCAP 


Note: Names given in brackets [ ] 
are the names of process attributes 
requested by die SAM ICS Hi 
computer program. 


A2 I Descriptive Name) Module Lamination Process Through Autoclave 


PART 1 - PRODUCT DESCRIPTION 

A3 [Product Referent) ENCAPMDL 

A4 Descriptive Name [Product Name) Encapsulated Module 


A5 Unit Of Measure (Product Units). 


Module 


PART 2 - PROCESS CHARACTERISTICS 


A6 lOutput Rate) (Not Thruput) 


0.995 


A7 Average Time at Station 

[Processing Time) 

A8 Machine "Up" Time Fraction 

[Usage Fraction) 


60 


0.875 


Units (given on line A5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS [Machine Description) 

A9 Component I Referent) AUTOCLAVE 

A9a Component [Descriptive Name) (Optional) 


Ten autoclave 


system 


A10 Base Year For Equipment Prices [Price Year] 


1978 


All Purchase Price (S Per Component) [Purchase Celt) 210,000 

A12 Anticipated Useful Life (Years) [Useful Life) ^ 

A 13 [Salvage Value| ($ Per Component) 20 M 000 

AM [Removal and Installation Cost ) (S/Component) IQ * QQQ 


Note The SAM ICS III computer program also prompts for the [payment float interval) . the [inflation rate table) . the 
[equipment tax depreciation method) , and the [equipment book depreciation method) In the LSA SAM ICS context. 
um 0 0, (1975, 4 0). DDB, and SL 
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Format A Process Description (Continued) 


A15 Process Referent (From Paae 1 Line A 1 ) 

ENCAP 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Pertonnsl) 

(Facilities and Personnel Requirements) 



A16 

A18 

A19 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent) 

(Amount per Machine) 



A 2064 D 

560 

sq.ft. 

Floor space 

B 3704 D 

1 

Prsn.yr. 

Module Assembler 

B 3736 D 

0.1 

Prsn.yr. 

Maintenance* Mech. II 

R 3720 D 

0, 1 

M II 

Tnfipprfnf (Q - f* ) 

B 3256 B 

0.02 

M II 

Prod. Planner 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements) 
A 20 A22 A23 


Co*, a log Number 
(Expense Item 
Referent) 

C 1032 B 
C 2032 D 


Amount Required 

Per Machine Per Minute Units 

I Amount per Cycle) 

2 K w. hr . /min. 

16 Cu. f t/min. 


A21 

Requirement Description 

Electricity 
Compressed air~~ 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A26 

A27 

A25 

(Product 

Usable Output Per 



Reference) 

Unit of Input Product 

Units 

Product Name 


Qa 995 

MDL / MDL 

Vacuum Bagged module 

/ 

/ 


Prepared by 


Date 
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SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDARDS 


FORMAT A 


-a 


PROCESS DESCRIPTION 


JtT I'ROPI IRION LABORATORY 

Cgl»fotm$4 InutiHt of ThbnoJnt' 

ru (7»oi# /w / sdrn* 9/MM 


A1 


Procmt (Referent I 


FRMASSEM 


Note: Nemei given In brecketi ( ) 
are the names of procen attributes 
requested by the SAM ICS III 
computer program 


A2 I Descriptive N.me| Frame and Terminal Assembly 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product Referent | ASMMDL 

A4 Descriptive N.melProduc, Assembled Module 


Unit Of Measure (Product Units) . 


Module 


! - PROCESS CHARACTERISTICS 

(Output Rate) (Not Thruput) 


0.999 


Average Time at Station 
[Processing Time) 

Machine "Up" Time Fraction 
[Usage Fraction) 


A5 

PART 2 

A6 
A7 
A8 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 
A9 
Ada 


0.875 


Units (given on line A5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in process inventory) 
Operating Minutes Per Minute 


Component (Referent) 

Component (Descriptive Name) (Optional) 


Tools 


Fixture 


Rivet gun Working ta ble 
drill and asembly 


A10 Base Year For Equipment Prices [Price Year] 

All Purchase Price ($ Per Component) (Purchase Cost) 
A12 Anticipated Useful Life (Years) (Useful Life) 

A13 I Salvage Value | ($ Per Component) 

AM | Removal and Installation Cost I (S/Component) 


SL. qur. et c, fixture, 
$3.000 $4.000 


1978 . 


1978 


JxIHL 


JLQJL 


Note The SAMICS III computer program also prompts for the [payment float interval) , the (inflation rate table) , the 
[equipment tax depreciation method) . and the [equipment book depreciation method) . In the LSA SAMICS context, 
use 0 0, (1975, 4 0), DDB, and SL 
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Format A: Process Description (Continued) 


A15 Process Referent (From Page 1 Line A1) ppMA- QQ F M 

PART 4 DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements] 


A16 

Catalog Number 
lExpense Item 
Referent | 

£ 9 AAA n 

A18 

Amount Required 

Per Machine (Per Shift) 
(Amount per Machine| 

ftfin 

Aid 

Units 

Sq.ft. 

A17 

Requirement Description 

Floor space 

n 77 CiA n 

6 

Prsn.yr. 

Module assembler 

R 7776 n 

Q. 1 

Prcn yr 


1 MB 1 ■ ■ 

0.1 

Prsn." yr. 

Inspector (Q.C.) 

B 3256 B 

0.02 

Prsn.yr. 

Prod. Planner 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs] and (Utilities and Commodities Requirements) 


A 20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent] 

1 Amount per Cycle) 



C 1032 B 

0.033 

Kw. hr . /min. 

Electricity 


"ET 

1027 

"TJ~ 

~ 17" 

Ft. /min. 


ET 

1028 

D 

0.072 

l/min. 

Silicon sealant 

ET- 

1 Q29 

H— 

-3 

set/min. 

. Terminal 


PART 6 - INTR A INDUSTRY PRODUCT(S) REQUIRED [Required Products] 


A24 

A26 

A27 

A25 

(Product 

Usable Output Per 



Reference] 

Unit of Input Product 

Units 

Product Name 

ENCAPMDL 

0. 999 

Mdl . / Mdl . 

Encapsulated Modules 

1 

1 


Prepared by 


Date 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 




PROCESS DESCRIPTION 


JKT non IIION lakoratomv 

( Jilorms ImitiH* of Tr. bnolngy 

4 * 1*0 OA C,rott n* IfvUtn* C«/.' 9110 * 


At 

Process (Referent) 

MCLTEST 

A2 

(Descriptive Name) _ 

Module Performance Test 


Note; Names given In bracket! [ ] 
are the names of process attributes 
requested by the SAMICS III 
computer program. 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referent I TESTMDL 

A4 Deirrintive Nam» I Pmrtnrt Mim»l Tested Module 


A5 Unit Of Measure (Product Units) . 


Module 


PART 2- PROCESS CHARACTERISTICS 

0 . 9925 

A6 (Output Ratel (Not Thruput) ! Units (given on line A5) Per Operating Minute 

A7 Average Time at Station ^ Calendar Minutes (Used only to compute 

(Processing Time) ^ ^ in process inventory) 

A8 Machine Up’' Time Fraction ! Operating Minutes Per Minute 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 Component (Referentl 


MDTESTER 


A9a Component (Descriptive Name! (Optional) 


MDLPerformance 
testing m/c 


A10 

All 

A12 

A13 

AM 


Base Year For Equipment Prices (Price Year) 
Purchase Price (S Per Component) (Purchase Cost) 
Anticipated Useful Life ( Tears) | Useful Life) 

I Salvage Value | ($ Per Component) 

I Removal and Installation Cost I (S/Component) 


1978 

75.000 
7 

15. 000 
5,000 


Note The SAMICS III computer program also prompts for the (payment float interval) . the (inflation rate table) , the 
(equipment tan depreciation method) and the [equipment book depreciation method) . In the LSA SAMICS context, 
use 0 0. (1975. 4 0). DDB. and SL 
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Format A Process Description (Continued 


A15 Process Referent ,r rom Page 1 Line A1) MDLTEI]T 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 


A16 

A18 

A19 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent | 

(Amount per Machinal 



A 2064 D 

128 

sq.ft, — 


B 3768 D 

0.5 

Prsn. vr. 

Tester Elec. Como. 

B 3736 D 

0.1 

Prsn.yr. 

■ v f--e e im 4 fM ll*( JV3TR7HWH 

JJ22LD 

Oil 

Prsn . vr . 

Inspector! Q.C. 


£_12.56_B Q.H2 kraiL*XL* Prod, riannan 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and lUtilities and Commodities Requirements! 


A 20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



| Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent) 

1 Amount per Cycle) 




C 1032 B 0.05 kw.hr/min. Electricity 



PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products! 


A24 

A26 

A27 

A25 

(Product 

Usable Output Per 



Reference) 

Unit of Input Product 

Units 

Product Name 

TESTMDL. 

0.9925 

Mdl . I Mdl . 

Performance tested module 

1 

1 

Prepared by 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


PROCESS DESCRIPTION 


IRT riOM'MION LABORATORY 

7r. 

4*rK( f>««# (V / tvd*** 9/ f f> 1 


A1 Process | Referent) . 


mdlpkg. 


Noir: Names given in brackets ( ] 
•rt tt* names of process attributes 
requested by tht SAMICS Ml 
computer program 


A2 | Descriptive Name| . 


PART 1 - PRODUCT DESCRIPTION 


A3 I Product Referent | PKDMDL 


A4 Descriptive Name (Product Name! PflCke d Mod U 1 0 


A5 Unit Of Measure (Product Umtsl 


Module 


PART 2 - PROCESS CHARACTERISTICS 


A6 lOutput Rate! (Not Thruput) 


0 . 999 ! 


Units (given on line A5I Per Operating Minute 


A7 Average Time at Station - 

(Processing Time! 

A8 Machine "Up" Time Fraction 3J5 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description! 


Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


A9 Component I Referent I 


A9j Component (Descriptive Name) (Optional) 


PKNGTOOL 


Packing 


MOVEQUIP 

Module handling 


A10 Base Year For Equipment Prices (Price Year) S , QQQ 


A1 1 Purchase Pr.ce (S Per Component! (Purchase Cost) 


A13 Anticipated Useful Life lYejr*! (Useful Life) 
A13 ’Salvage Value) (S Per Component) 


A14 Removal and Installation Cost | (S/Component) 


Note The SAMlCS III computer program also prompts for the Ipayment float interval) . the (inflation rate table) . the 
(equqx'ient ta* depreciation methudi . and the (equipment book depreciation methodl . In the LSA SAMICS conttKt. 
use 0 0, (1975. 4 01. DDB. and SL 
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Format A Process Description (Continued) 

A15 Process Referent (From Page 1 Lint At) PPKMDL 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnal) 

(Facilities and Personnel Requirements] 


A16 

Catalog Number 

1 Expense Item 
Referent) 

A 2064 D 

A18 

Amount Required 

Per Machine (Per Shift) 
[Amount per Machine) 

128 

A19 

Units 

Sq.ft. 

A17 

Requirement Description 

Floor apAi-A 

JL 

3640 D 

i _ 

Prsn. yr. 

Parlragnr HanH 

i. 

2716 D _ 

0.1 

Prsn.yr. 


JL 

3720 D 

0. 1 

P r Qn y r _ _ 







B 

3256 £ 

0.2 

Pran _ vr . 

PrnH P 1 Annar 

T " 



1- 

DIRECT REQUIREMENTS PER MACHINE 

PER MINUTE 



(Byproduct Outputs) and [Utilities and Commodities Requirements) 


A 20 

A22 

A23 

A21 

Catalog Number 
[Expense Item 

Amount Required 

Per Machine Per Minute 

Units 

Requirement Description 

Referent I 

ET 1025 D 

lAmount per Cycle| 

0.5 

Box/min. 

Packing box 

TrTTJ7nT~ 

0 . 1 6 6 7 

Case/mi n . 

Wooden case 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

A26 

A27 

A25 

[Product 

Usable Output Per 



Reference! 

Unit of Input Product 

Units 

Product Name 

71 S3 MDL 

0.5999 

Mdl. / Mdl . 

Tested Module 

_ . 1 . . 

1 


Prepared by 


Date 
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TEMPORARY CATALOG FOR EXPENSE ITEMS 





261 


LIST OF TEMPORARY CATALOC ITEMS 



NUMBER 

ITEM DESCRIPTION 

UNIT 

PRICE 

ET 1001D 

! Trichloroethylene 

Liter 

| 2.03 

ET 1002D 

i Methanol 

Liter 

1.13 

ET 1003D 

Phosphosilica dopant 

Liter/mir 

17.545 

ET 1004D 

Borosilica dopant 

Liter/mir 

17.545 

ET 1005D 

Resist ink 

Gal/min 

32.00 

ET 1006D 

Thinner 

Gal/min 

o 

o 

• 

o 

ET 1007D 

Gold solution 

Liter 

13.40 

ET 1008D 

Nickel solution 

Liter 

1.210 

ET 1009D 

Strip solution 

Liter/mir 

1.178 

ET 1010D 

1 Solder flux 

Gal/min 

16.50 

FT 1011D 

60/40 solder 

Lbs/min 

6.04 

ET 1012D 

1.5% silane/argon 

cu. ft/mir 

.648 

ET 1021D 

| Flexible circuit sheet, 2!x4 ' 

Sheet 

40 

ET 1022D 

Sunadex glass; 0.125", 
tempered 

So. ft 

0.68 

ET 1023D 

Polyvinyl butyral; 15 nils 

Sq. ft 

0.17 

ET 1024D 

Mylar, 0.005, surface treate 

dSO. ft 

0.08 

ET 1025D 

Carton box, two MDL pack. 

Box 

0.50 

ET 1026D 

Wooden case for 6 modules 

Case 

0.80 

FT 1027D 

Aluminum frame A ( 3" , 1/8"THK) 

Ft. 

0.38 

ET 1028D 

Silicone rubber sealant 

Liter 

9.4 

ET 1029D 

Termina 1 

Set 

.15 

ET 1030D 

Aluminum frame B ( 2 V 3/12"THF 

) Ft. 

.19 

ET 1031D 

EVA "clear" (20 mil) 

Sq. ft. 

0.04 3 

ET 1032D 

EVA white sheet (12 mil) 

Sq. ft. 

0.04 3 

ET 1033P 

Stamped copper strip 

Sq. ft 

0.25 

C2032D 

Compressed air 

cu . ft 

1 

4 

0.00634 


YEAR 


■ig i w naaHT.' 
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PHOTOWATT INTERNATIONAL, INC. 
L NG I NEERIN G_S P ECIF I C AT I ON 

SURFACE PREPARATION (CLEAN) 


1.0 OBJECT 

1.1 The purpose of this specification is to outline the 
method by which contamination is removed from the 
surface of raw wafers. 


2.0 MATERIAL 

2.1 Wafers from stock. 

3.0 EQUIPMENT 

3.1 Tanks (2), stainless steel, approximately 18" x 11' x 
17 ". 

3.2 Cassettes, 25 wafer capacity, teflon 3.3 cassettes 
carrier basket, teflon. 

3.3 Cassette carrier basket, teflon. 

4.0 SUPPLIES 

4.1 Methanol, electronic grade 

4.2 Tr i c h 1 o re t hy 1 ene , electronic qrade 

4.3 Gloves, solvent resistant 

4.4 Facemask 

5.0 PREPARATION 


5.1 Load wafers into cassettes 

5.2 Fill first tank with t r i c h 1 o r ethylene to sufficient 
volume to cover cassettes in carrier basket. 

5.3 Fill second tank with methanol to same volume. 

5.4 Load cassettes, four at a time, into carrier basket. 


6.0 PROCEDURE 

6.1 Immerse loaded carrier into first tank and allow to 
remain for five minutes. 

6.2 Transfer to second tank and allow to remain for five 
minutes. 

6.3 Remove from second tank and transfer to texturizing 
process . 

7.0 MAINTENANCE 

7.1 Change contents of tank every eiqht hours. 

8.0 SAFETY 

8.1 Refer to MCA specifications for toxicity values of 
methanol -and trichlorethylene. 
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PHOTOWATT INTERNATIONAL, INC. 
EN GINEERING SPECIFICAT ION 
SURFACE PREPARATION (TEXTURIZE) 


1.0 OBJECT 

1.1 This specification outlines the manner in which the 
texturizing operation is performed. 

2 . 0 MATER IAL 

2.1 Wafers from the contamination removal process still 
loaded into cassettes and cassette carriers. 

3 . 0 EQUIP MENT 

3.1 Etchinq tank, stainless steel approximately 10" x 
14" x 18" equipped with a Deltasonic Model MG600 
ultrasonic aenerator or equivalent and a Deltasonic 
Model UTCM-98P heater or equivalent. 

3.2 Nitrogen bubbler, per attached drawing. 

3.3 Exhaust system over the etchinq tank. 

3.4 A four-stage cascade rinse system, the first used 
tank of which is equipped with a Deltrasonic Model 
MG600 ultrasonic aenerator. Approximately 10" x 14" 
x 11.5" per tank . 

3.5 Rinser/spin dryer, Fluoroware Model K100 or equiv- 
alent. 

4.0 SUPP LIES 

4.1 Sodium hydroxide, electronic grade 

4.2 Deionized water 

4.3 Hot deionized water 

4.4 Nitroqen, industrial dry qrade 

4.5 Gloves, base resistant 

4.6 Facemask 

4.7 Safety apron 

5.0 PREPARATION 

5.1 Adjust cascade input (tank 4) DI water temperature to 
80°C + ?°C and the flow rate to 2 gal/min. 

5.2 Measure 20 liters of ambient temperature DI water into 
etch tank . 

5.3 Dissolve 2.2 kiloqrams of sodium hydroxide in the etch 
tank . 

5.4 Adjust temperature of the etch tank solution to 85°C + 
S°r . 

H*(JF * _ WurmONALl*. Jsh 
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ENG INHERING SPECIFICATION (Continuation) 


PX-OIB 


5.0 (Continuation) 

5.5 Turn on ultrasonic generators, exhaust system and 
nitrogen. 

5.6 Adjust nitrogen flow to approximately lOL/min. 

5.7 Adjust rinser/dryer for one minute rinse and four 
minute drying. 

6 . 0 P ROCEDURE 

6.1 Immerse a carrier of wafer loaded cassettes into the 
heated etch solution for five minutes. 

6.2 Transfer the carrier load to the first cascade rinse 
tank and allow to remain for five minutes. 

6.3 Stage through the cascade at five minute intervals. 

6.4 When the cascade rinse treatment has been completed, 
remove the cassettes from the carrier and place into 
the rinser/dryer. 

6.5 After the cycle has been completed, pass the cassettes 
to the "Spray-on Dopant" process. 

7.0 MAINTENANCE 

7.1 Add one liter of deionized water every half hour to etch tank. 

7.2 Change the sodium hydroxide solution every four hours 
of use. 

8 • 0 S AFETY 

8.1 Refer to the MCA specifications for safe limits of 
toxicity on aqueous solutions of sodium hydroxide. 

8.2 All operations are to be performed with gloves and 
and facemask in place. 

8.3 In the vicinity of the sodium hydroxide tank a safety 
apron must be worn. 


Prepared by: 
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Figure 56. 


Ni trogen Bubbl er 
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PHOTOWATT INTERNATIONAL, INC. 

ENGINEERS SPECIFICATION 
SPRAY-ON DOPANT FRONT f, BACK SURFACES 

1.0 Object 

1.1 This specification outlines the technique whereby one 
surface is coated with a dopant. This is the front 
surface. Included in this series of Specifications 
is one that is not shown on the flow chart, "Spray-on 
Aluminum Back Surface." It, in combination with this 
specification, would serve to cover the entire "Spray 
on Front and Back Surfaces." 

2.0 Mate ria l 

2.1 Wafers from "Surface Preparation Texturize." 

2.2 Water base N + dopant ( N-250, Emulsitone Co.. Whippany, 
NJ ) . Phosphorous concentration of 1 x 10'° atoms/cm^ 

3.0 E quipm ent 

3.1 Spray-on dopant machine. Model SC-100. 

(Advanced Concepts Div., Huestis Machine Corp., 

Bristol , R I ) . 

3.2* Pallets for holding wafers. 

3.3 Filter UL Class 2-347N , (23V x 23V x 1 7/8"). 

3.4 Exhaust system capable of 1000 CFM. 

3.5 Graduated cylinder, 10 ml. 

3.6 Stopwatch or timer. 

3.7 Small ultrasonic generator and tank. 

4.0 Supplj.es 

4.1 DI water. 

4.2 Nitrogen gas at a pressure in excess of 60 p s i g . 

4.3 Insul a ted g loves . 

4.4 Arptone, industrial qrade. 

5.0 Ppepa/atjon 

5.1 Pour dopant (2.2) into the cannister feeding gun 1. 

5.2 Turn on 1R oven (SW2). 

5.2.1 Set temperature (CV-3) to 3S0°F. 

5.2.2 Allow the temperature to stabilize for at 
least 15 minutes. 

5.3 Verify the input nitrogen pressure is 60 psig. 

5.4 Actuate the nitrogen valve (V3B) and adjust to 9 psig 
on G 3 B . 

Turn on the conveyor switch, SW1. 
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5.6 Adjust C V 1 to produce 24 1pm speed in the conveyor belt. 

5.7 When speed is verified, turn off the conveyor switch SW1 . 

5.8 Turn on SW3 and adjust rec i proca tor . +++ 

5.9 Set G1A to 90 inches of water with VIA. 

5.10 Insert the spray nozzle and attach the wing nut to gun 1. 

The wings of the wing nut should be parallel to the di- 
rection of motion of the gun. 

5.11 Turn SW4 to the spray position. 

5.12 Verify, using the graduated cylinder and stopwatch/timer, 
that the flow rate is 7 ml per minute. 

5.13 Set G2A to 15 psig using V2A. 

5.14 Examine the pattern produced by gun 1. 

5 . £4.1 There should be no variation in the flow rate 
from the nozzle. Such variation indicates an 
unclean spray nozzle (see 7.5). 

5.14.2 The pattern should have no more than one inch 
width at the conveyor level. This is adjusted 
by the tightness of the wing nut. 

5.15 Turn on switches SW1 (conveyor ) and SW3 (reciprocator). 

6.0 Procedure 

6.1 Place the loaded pallets onto the conveyor in such manner 
that the hooks engage the chain. 

6.2 After the pallets have exited the IR oven, remove them 
from the conveyor using the insulated gloves. 

6.3 For non -continuous operation, at the end of the pallet 
load shut down the machine. 

6.3.1 Change SW4 to flush and adjust V3A to 15 psig 
on G3A. 

6.3.2 Turn off SWT , VIA, V2A . 

6.3.3 After two minutes, turn off V3A. 

6.3.4 Turn off SW1, SW2 . 

7.0 Maintenance 

7.1 Check all solvents and dopants prior to use. If they 
appear discolored or cloudy they should be discarded, 
the containers cleaned and new contents inserted. 

7.2 Chanqe filters in the air dry section monthly. 

7.3 Change the filter undei the conveyor twice monthly. 

7.4 Empty the excess dopant container as required, usually 
once daily. 

7.5 The nozzle cleaninq is accomplished by placing it in 
acetone in an ultrasonic tank. 
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8 . 0 Sa f ety 

8.1 The outside of the IR oven is hot. 

8.2 See the MCA Specifications for safe handling of acetone 
(dimethyl ketone) . 


Prepa red 
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VI B 


i 
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GAUGES 

G1A: Pot pressure gauge (in H 2 O) for coating material 1, 0-150 psig 

GIB: Pot pressure gauge (in H?!)) for coating material II, 0-150 psig 

G2A: Atomization pressure for spray gun I, 0-60 psig 

G2B: Atomization pressure for spray gun II, 0-60 psig 

G3A: Solvent Pot Pressure, 0-30 psi 

G3B: Lower Pressure Control Manifold, 0-15 ps ; n 


CONTROL KNOBS 

VIA: Control valve for Pot Pressure for Material I 

V1B: Control valve for Pot Pressure for Material II 

V2A: Atomization Pressure for Gun I 

V2B: Atomization Pressure for Gun II 

V3A: Solvent Pot Pressure 

V3B: Lower Pressure Control Manifold 


SWITCHES 

SWl : Conveyor cn-off switch 

SW2: I.R. oven on-off switch 

SW3: Nozzle reciprocator on-off switch 

SW4: Selector switch for spray and flush for Gun I 

SW5: Selector switch for Gun I and Gun II 

SW6: Selector switch for spray and flush for Gun II 


Figure 57. Description of Control Panel *1 
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PHOTOWATT INTERNATIONAL, INC. 

ENGINEERING SPEC I E I CAT ION 
DEPOSIT ALUMINUM ON BACK SURFACE 

1 . 0 Object 

1.1 To deposit aluminum on the back surface of wafers. 

1.2 To drive the solvents from the deposited aluminum. 

2 . 0 M ateria l 

2.1 Solvent solution, 2-hutoxyethanol , Malllnckrodt 
Chemicals No. 2138 or equivalent. 

2.2 Acetone, reagent grade. 

2.3 Wafers, prepared for aluminum BSF. 

3 . 0 E quipment 

3.1 Spray-on aluminum slurry and dopant machine with 
I.R. oven. Advanced Concepts Model SC-100 'as 
modified on Serial Numbers 79-337 and 78-281). 

3.2 Ultrasonic cleaner, any commercial model. 

. 0 Supp l i e s 

4.1 Pallets designed for the wafers being used (Fig- 
ure ) . 

4.2 Gloves, insulated. 

4.3 Filter UL Class 2 - 347N, size 23'/' x 23V x 1 7/8" 

4.4 Exhaust system capabl of 1000 CFM. 

4.5 Clean, dry air at a pressure of 85 to 100 psig. 

4.6 Container for storage of winq nut and nozzle prior 
to cleaning - suggest 400 ml qlass b°r*ker. 

4.7 400 ml glass beaker for use in u 1 tr 4 -.on i c tank. 

4.8 Tapered steel wire per Figure 

4.9 Graduated cylinder, 10 ml capacity. 

4.10 Stopwatch or clock with sweep second hand. 

4.11 Filter cartridge, commercial paint type. 

5 . 0 Prepara t ion 

5.1 Pour the aluminum slurry into the pump reservoir 
canistei through a filter cartridge. 

5.2 Turn-on the infrared oven. 

5.2.1 Set temperature to 350°F (117°C). (CV3) 

5.2.2 Allow temperature to stabilize for 15 minutes 
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5.3 Set or check the primary air valve pressure to 
80 psig. 

5.4 Open the primary air valve. 

5.5 Set the manifold control valve (VI) to produce 
10 psig on Gl . CAUTION: Do not exceed 11 psig. 

5.6 Turn on conveyor switch (SW6). 

5.7 Set conveyor speed to 15 inches/minute ( C V- 1 ) . 

5.8 Turn off conveyor (SW 6). 

5.9 Set the nozzle reciprocator speed to 60 cycles/ 
minute (CV 2). 

5.10 Verify that the pressure of the coating aluminum 
material gauge (62) registers 9 psig. If not, ad- 
just by balancing the pressure reduction, bypass 
and back pressure valves (located on the back of 
the machine - blue handles). 

5.10.1 The bypass valve is ’ocated directly above 
the pump reservoir. It serves to minimize 
aluminum settlement in the lines. It 
should be completely open. 

5.10.2 The pressure reduction valve is located 
about three feet high and to the right 
of the pump reservoir. When pressure is 
low it is open, but under normal condi- 
tions it should be closed. Its function 
is to reduce the aluminum slurry pressure/ 
flow rate to the nozzle. 

5.10.3 The back pressure valve is located about 
five feet above the floor and to the right 
of the pump reservoir. If closed, it in- 
creases the aluminum slurry pressure/flow 
rate to the spray nozzle. 

5.11 Insert the spray nozzle. 

5.12 Hold nozzle in with the wing nut. 

5.12.1 Assure that the wing nut wings are aligned 
with the direction of motion of the spray 
nozzl e. 

5.13 Turn the process selector switch to position 7. 

5.14 Turn the spray gun selector switch (SW4) to the 
spray position. 
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5.15 Verify that the aluminum slurry flow rate is 
7 cc/minute. 

5.15.1 Collect the flow for one minute in 
a 10 cc graduated cylinder. 

5.16 i>et the atomization spray gun control valve 
( V 3 ) to 18 psig on 63. 

5.17 Turn on atomization (SW 5). 

5.18 Adjust the nozzle using nut to produce a pattern 
no wider than one inch (measured in the plane of 
flow of the conveyor). 

5.19 Turn off the atomization switch (SW 5). 

5.20 Turn the process switch to position 8. 

5.21 Load the required wafers onto pallets. 

6 . 0 Proce dure 

6.1 Turn on conveyor (SW 6). 

6.2 Turn on nozzle reciprocator (SW2 ). 

6.3 Verify the atomization gun pressure is 18 psig on 
G3. 

6.4 Verify the pressure of G2 is 9 psig. 

6.4.1 If 6.3 or 6.4 do not conform, refer to 
Section 5.0 for proper adjustment. 

6.5 Place process selector switch in position 7. 

6.6 Place pallet loaded with wafers from 5.21 on con- 
veyor. 

6.7 As the pallets are taken into the machine continue 

to load additional pallets until supply is exhausted. 

6.8 As pallets exit the infrared oven, remove them from 
the conveyor. 

6.8.1 The pallets are hot at this point. Use the 
thermally insulated gloves. 

6.9 When all pallets have passed through the spray booth, 
turn process selector switch to position 9. Allow 
the slurry in the lines to empty into the alterna- 
tive collection vessel. 

6.10 Turn process selector switch to position 1. 
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6.11 Turn SW 3 to air. 

6.12 After thirty seconds turn the process selector 
switch to position 2. 

6.13 Assure that all pallets have passed through the 
infrared oven. 

6.14 After the final pallet has exited the oven posi- 
tion SW 6 in the off position. 

6.15 Reduce CV 3 to maximum counter clockwise posi- 
tion. 

6.16 Put SW 2 in the off position. 

6.17 Put SW 5 in the off position. 

6.18 Remove the alternative collection vessel and re- 
place it with another. 

6.19 Remove pump reservoir pot and empty into a clean 
container for reclaiming. 

6.20 Return pump reservoir pot. 

6.21 Turn selector switch to position 3. 

6.22 Put SW 3 in solvent position. 

6.23 Allow one-to-one and one-half gallons of solvent 
to purge the system. 

6.24 Remove the nozzle and wing nut. 

6.24.1 The nozzle and wing nut are to be immersed 
in solvent solution as soon as removed, 
and to be left covered until cleaned. 

6.25 Put SW 7 in off position. 

7.0 Maintenance 

7.1 Prior to operation of machine check the aluminum 
slurry container and solvent container. 

7.1.1 If either appears discolored discard, clean 
container and replace. 

7.2 Clean wing nut and nozzle after each use. 

7.2.1 Remove from stored solvent and rinse with 
fresh solvent. 

7.2.2 Place in 400 ml glass beaker. 

7.2.3 Cover wit it acetone. 

7.2.4 Place in ultrasonic bath for five minutes. 

7.2.6 Assurp that all passages are clear and no 
residue remains on surfaces of either. 
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7. 2. 5.1 If residue is present, clean with 
soft cloth and repeat from 7.2.3. 

7. 2. 5. 2 If hole is closed, clean with ta- 
pered steel wire and repeat from 
7.2.3. 

7.2.6 Replace filters in the air dry section 
monthly. 

7.2.7 Replace the filter under the conveyor bi- 
monthly. 

7.2.8 Empty the excess aluminum slurry. 


8.0 Safety 

8.1 Avoid contact with all solvents. 

8.2 Avoid contact with the outside surface of the 
infrared oven -- it is hot. 

8.3 Do not operate machine with the front safety 
glass off except during measurement times (see 
5.15). 

8.4 Insulated gloves must be worn during the unload- 
ing operation. 


Prepared by:,, 
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Process * 


® ® 

V3 V4 


Gauges 

G1 Low Pressure Control Manifold Gauge (PS16) 0-15 
G2 Pressure Coating Material Gauge (PS16) 0-15 
G3 Atomization Pressure for Spray Gun ( PS 1 6 ) 0-60 
G4 Solvent Pot Pressure (PS16) 0-30 

Contro 1 Knobs^ 

VI Low Pressure Manifold Control Valve 
V3 Atomization Pressure for Spray Gun 
V4 Solvent Pot Pressure Control Valve 

Switches 

SWl Slurry Pump on-off Switch 

SW2 Nozzle Recippocator on-off Switch 

SW3 Systems Purge Selection Switch for Solvent or Air 

SW4 Spray Gun Selector Switch for Spray and Flush 

SW5 Atomization on-off Switch 

Proces s Sel ecto r S witch 
Pos i tion 

0 Off 

1 Purge Waste Material 

2 Off 

3 Purge Pump 

4-6 Not Util i zed 

7 Slurry Circulation 

8 Off 

9 Slurry Waste 


Figure 61. Illustration of Control Panel of Aluminum Spray-on Module. 
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PHOTOWATT INTERNATIONAL, INC. 


ENGINEERING c PEC I F I CAT IOf 
COMPOUND ALUMINUM SLURRY 

1 . 0 Object 

1.1 To prepare slurry In a safe, uniform manner. 

2 . 0 Material 

2.1 Aluminum powder. Alcan Ingot and Powders (Eliza- 
beth, N.J.) Number MD-X-65 or equivalent. Equiva- 
lent to be six micron diameter, atomized, spherical 
material . 

2.2 Binder Solution. Hughson Chemicals (Erie, PA), 
Chemlock Primer AP-134. 

3.0 Equipment 

3.1 None 

4.0 Suppl ies 

4.1 Beaker, stainless steel, 4 liter capacity. Scien- 
tific Products B2712-4L or equivalent. 

4.2 Graduated cylinder, 4 liter capacity, glass. 

4.3 Graduated cylinder, 500 ml capacity, glass 

4.4 Scoop, metal or glass, appropriate for 300 to 
400 cc of aluminum powder. 

4.5 Stir rod, 18 inches long by 1/2 inch diameter, 
aluminum or stainless steel. 

4.6 Acetone, reagent grade. 

5.0 Preparation 

5.1 Remove static charges from all vessels and tools. 

6 . 0 Proc edure 

6.1 Pour 3785 ml of binder solution into stainless 
steel beaker. 

6.2 Measure 330 ml of aluminum powder into the 500 ml 
graduated cylinder. (See safety). 

6.3 Slowly pour the aluminum powder into the binder 
solution while stiring the solution/mixture. 

6.4 Mix until uniform. 




I 






i 
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7.0 Maintenance 

7.1 All supplies must be cleaned with acetone Immed- 
iately after use and stored In a non-contaminat- 
ing manner. 

8.0 Safety 

8.1 Oo not expose aluminum powder to an open flame. 

8.2 Do not pour aluminum powder In a manner which will 
create a cloud. In such form rapid oxidation can 
occur with a resultant explosion. 

8.3 Do not mix aluminum powder with even mildly oxi- 
dizing media. 

8.4 In the event of spillage do not vacuum the alumi- 
num powder. 

8.5 Remove static electricity from all material being 
used and the operators. 

8.6 In the event of spillage, sweep up the spilled 
powder In a dry manner. Do not wet down the area. 

8.7 It Is recommended that all supervisory and engi- 
neering personnel famllizarize themselves with 
the contents of the pamphlet, "Recommendations 
for Storage and Handling of Aluminum Pigments 
and Powder," Aluminum Association, Inc., 818 
Connecticut Ave., N.W., Washington, D.C. 20006. 
This is also available through Alcan Ingot and 
Powders . 


Prepared by • 'SSC' ‘ _ ' Date: /■ ,7 
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PHOTOWATT INTERNATIONAL, INC. 

ENGINEERING SPECIFICATION 
(Outline Form) 

DRIVE-IN 


1 . 0 Object 

The object of this process Is to drive In the dopant 
or dopants deposited In the spray-on operation. 

2.0 Ma terial 

The only Input material Is the doped wafers. 

3.0 Equipment 

A standard diffusion furnace is required. 

4.0 Suppl les 

Two gasses are required. Both nitrogen and oxygen In 
the highest purity available within economic constraints. 
Quartz diffusion boats are also required. 

5.0 Pr epa_ra t i on 

It is necessary to profile the furnace to 875° *5 0 C. 

The flow rates of the gasses are 500 cc/mlnute on oxy- 
gen and 1000 cc/minute on nitrogen. Load the boat. 

6.0 Procedur e 

The boats are placed into the furnace at 875°C for 45 
minutes. They are pulled and allowed to cool in clean 
ambient atmosphere. 

7.0 Maintenance 

The usual cleanliness requirements apply. 

8 . 0 Safety 

Standard hot procedures and evolved gasses. 


Prepared by: ^ Date: 
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PHOTOWATT INTERNATIONAL, INC. 

ENGINEERING SPECIFICATION 
(Outl ine Form) 

PRINT FRONT SURFACE PATTERN 


1.0 Object 

TTTIs process outlines the manner In which a coating Is 
applied to the front surface of the solar cell to limit 
the areas In which deposition of metal occurs. 


2.0 Material 

TKe wa7ers as received from the dopant drive-in process. 


3.0 Equipment 

A silk screen device, equipped with the appropriate silk 
screen and a viscosimeter are requrled. 


4.0 Supplies 

A plating resist such as WARNOW PR-4001. 


5.0 Preparation 

Dilute’ the resist to the proper consistency with the 
appropriate diluent. If WARNOW 4001 Is used, dilute to 

600,000 cp with Colonial ER48073. 


6.0 Procedure 

Mace wafer against stops with diffused side up. Activate 
the machine after assuring that there Is sufficient plating 
resist to properly cover the wafer. 

Cure the resist at 130°F for 25 minutes If PR-4001 Is used. 


7.0 Maintenance 

Preventive maintenance on the printer and proper clean 
up after use jpply. 


8.0 Safety 

Standard solvent handling and hot oven procedures apply. 


Prepared by; . c '*'*/'*■ ~ 
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PHOTOWATT INTERNATIONAL, INC. 
ENGINEERING SPECIFICATION 

ELECTROLESS NICKEL PLATE 


PX-04 


1.0 Object 

1.1 This specification outlines the manner In wr.lch the 
plating operation Is performed. 

2.0 Material 

2.1 Wafers from the "Print Front Surface Pattern" operation. 

3.0 Equipment 

3.1 Plating module consisting of 

3.1.1 Hydrofluoric acid tank to hold 8 liters 
(6" x 16" x 10"). 

3.1.2 Gold solution tank to hold 8 liters (6" x 16" 
x 10"). 

3.1.3 Overflow rinse tank to contain 30 liters 
(14" x 16" x 12"). 

3.1.4 Four 8 liter Corning VC-8 fast heating baths 
for nickel plating each containing an automatic 
heat control and agitation units. 

3.2 A two-stage cascade rinse unit, each stage of which has 
a 30 liter capacity and a nitrogen bubbler. The design 
of the bubbler is not critical. Each tank is 14" x 16" 
x 10". 

4.0 Suppl '• . 

4.1 Wafer carriers, teflon, 25 wafer capacity, with handles. 

4.2 Concentrated hydrofluoric acid, electronic grade. 

4.3 Electroless gold plating solution SG-10 from Transene 
Company. Inc., Rowley, MA. 

4.4 Electroless Nickel Plating Ammonia Type from Transene 
Company, Inc. 

4.5 Nitrogen gas, industrial, dry. 

4.6 Deionized water. 

4.7 Acid resistant gloves. 

4.8 Safety apron. 

4.9 Faceshield. 
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5.0 


Prep aration 

5.1 Prepare 8 liters of 10% hydrofluoric acid ( vfv ) in 
the first tank. 

5.2 Prepare 8 liters of electroless gold in the second 
tank per instructions on container. 

5.3 Prepare three of the nickel plating baths with 8 
liters of solution each. 


5.4 Turn on the heaters for the three tanks in 5.3 and 
adjust to 80°C + 2°C. 

5.5 When the plating solutions in 5.4 have attained the 
proper temperature turn on the deionized water in 
both the overflow rinse tank and the cascade system. 

5.6 Adjust flow of both rinses to 1.5 gallons/minute. 

5.7 Turn on nitrogen bubbler and adjust flow-rate to 
10 liters/minute. 


6.0 Procedure 

6.1 Place one container of wafers into the diluted hydro- 
fluoric acid tank. 

6.2 After thirty seconds, transfer it rapidly to the gold 
plating tank. 

6.3 After thirty seconds, transfer the carrier to the over- 
flow rinse tank. 

6.4 Repeat steps 6.1 through 6.3 until six containers of 
wafers are in the overflow rinse tank (overlap steps). 

6.5 After four minutes of rinsing on the last container, 
transfer two containers to one of the charged nickel 
plating tanks. 

6.6 Repeat 6.5 twice. 

6.7 After four minutes of plating in the nickel tanks, 
tranfer the containers to the first stage of the 
cascade rinser. 

6.8 After four minutes uf rinsing in the second stage of 
the cascade rinse the units are transferred to the 
"Remove Resist" process. 

6.9 Initiate process 6.1 in five minute intervals for 
continuous processing. 

7.0 Maintenance 

7.1 Replace the diluted hydrofluoric acid solution after 
8100 wafers (324 container loads). 

7.2 Replace the gold plating solution after 11,700 wafers 
(468 containers). 
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7.3 Replace the nickel plating solution on a three hour 
cycle. 

7.3.1 Prepare fourth tank as In 5.3 and 5.4. 

7.3.2 Empty one of the used nickel tanks. 

7.3.3 Rinse the tank emptied in 7.3.2. 

7.3.4 Prepare the nickel plating solution as in 
5.3 and 5.4. 

7.3.5 When the solution proposed in 7.3.4 is at the 
proper temperature, repeat 7.3.2 through 7.3.5 
until until all three original tank loads have 
been replaced. 

8.0 Saf ety 

8.1 All personnel within the area are required to wear 
safety equipment. 

8.2 Refer to MCA Specifications for proper handling of 
ammonia hydroxide, hydrofluoric acid and cyandide 
containing solutions. 


Prepared 




Date; 
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PHOTOWATT INTERNATIONAL, INC, 
ENGINEERING SPECIFICATION 


REMOVE RESIST 


1 . 0 Objec t 


1.1 The purpose of this specification Is to outline 
the method by which the resist applied In "Print 
Front Surface Pattern" is removed. 

Material 

2.1 Wafers from "Electroless Nickel Plate" operation, 


Equipment 

3.1 Fluoroware Rinser/Dryer or equivalent. 

3.2 Hot water cascade and bubbler. 

3.3 Stainless steel stripper line with ultrasonic 
agitator. 

3.4 Polypropylene container of sufficient size to 
hold three cassettes and a minimum of eight 
inches in height. 

3.5 Timer, Gra-Lab or equivalent. 

3.6 Oven, c i rcul a t i ng, capabl e of 105° to 115°C and 
holding 20 twenty-five wafer cassettes. 


4.1 Stripper AP232, Inland Specialty Chemical Corp. 
(Orange, CA). 

4.2 Methanol, reagent grade. 

4.3 Wafer cassettes, teflon. 

4.4 Exhaust system capable of 1000 CFM. 


5.1 Load all nine stripper holding containers to a 
six inch depth with AP232. 

5.2 Load polypropylene container to a six inch depth 
with methanol . 

5.3 Turn-on hot water bubbler and cascade. 

5.3.1 Do not commence operation until the exit 
temperature is greater than 50°C. 

5.4 Turn on stripper ultrasonic switch. 

5.5 Place acid handles into cassettes. 

5.6 Turn on oven and set temperature to 105°C-115°C. 
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6.0 Procedure 

6.1 Place one cassette Into each of the three rear 
stripper containers. 

6.2 Allow to remain in containers for three minutes. 

6.3 After three minutes, transfer Initial cassettes 
to middle row of stripper containers. 

6.4 Immediacy place three additional cassettes Into 
rear row. 

6.5 After three minutes, transfer cassettes from middle 
row to front row and those from back row to the 
middle row, again loading a new qroup of three to 
the back row. (See Maintenance.) 

6.6 After another three minute Interval, remove the 
three cassettes from the front row, quickly blot 
excess stripper from the bottoms and place them 
In the methanol container. 

6.7 Repeat 6.1 through 6.5. 

6.8 After three minutes, remove the cassettes from 
the methanol, quickly blot the bottoms and place 
in the third stage of the hot water rinse. 

6.9 Repeat 6.1 through 6.7. 

6.10 Stage the cassettes through the hot water cascade 
in three minute intervals in the same manner as 
was done with the stripper. 

6.11 Repeat all stepping operations. 

6.12 After the final hot water step, remove the cassettes, 
quickly blot the excess water and place in the oven 
for 10 to 15 minutes. 

6.13 Pass along the next operation. 

7 . 0 Maintenance 

7.1 Monitor oven temperature each hour. 

7.2 Stripper tanks are to be rotated as follows. 

7.2.1 Discard the rear group of three. 

7.2.2 Empty the middle group of three into the 
rear group. 

7.2.3 Empty the front group into the middle group. 

7.2.4 Replace the front group with fresh AP232. 

NOTE: The above (7.2) operation can be accomplished 
by changing the physical placement of the con- 
ta i ners . 

7.3 Replace methanol when a foaming action occurs on the 
surface of the hot water cascade rinse. 
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8.0 Saf et 
8.1 


8.1 Perform stripping operation under a hood. 

8.2 The stripper contains a combination of methylene 
chloride and toluene. Refer to MCA specifications 
for toxicity values for Inhalation, Ingestion and 
surface contact. 

8.3 Observe standard safety precautions for hot items 
(oven and cassettes) and use of methanol. 

NOTE : This procedure, although not automated for 1986 
goals, is capable of such automation. It is pre 
sented here, In this manner, to indicate the 
steps required. 


Prepared by: 
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ENGINEERING SPECIFICATION 


I 1 . 



LASERSCRIBE 


I 1 

1.0 

Object 


■ | 


1.1 

This specification delineates the requirements and 
procedures for producing hexagonal wafers with center 
holes for insolated side connection. 


‘ i 

2.0 

Material 


l 


2.1 

Wafers from "Remove Resist" process. 



3.0 

Equipment 


1 


3.1 

Quantronix Corporation (Smithtown, NY) Model 603-2 
Laserscribe or equivalent. 


: | 


3.2 

Program board for hexagon and circle program on laser- 
scribe. 



4.0 

Suppl les 


il 


4.1 

Cooling water at 3 gallons/minute. 




4.2 

Deionized water at 10 cc/hour. 


I 


4.3 

Cotton gloves. 


1 

5.0 

Preparation 


: 1 


NOTE: The following procedure applies to the creation of 

3.52 inch (major diameter) hexagonal cells from 3.54 inch 
diameter round cells. Appropriate modifications must be 
made when other sizes are to be used or produced. Addi- 
tionally, the operational description applies to the Quan- 
tronix 603-2 only. 




5.1 

Place the X and Y switches in the off position. 
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5.2 

Turn the master switch key to the on position. 




5.3 

Depress reset button located on the C board. 




5.4 

Turn on X and Y motor switches. 




5.5 

Set the auxiliary power supply to 35 amperes. 


. | 


5.6 

Set the auxiliary digiswitches as follows: 


1 



5.6.1 Wafer diameter - 3.8 inches. 

5.6.2 Pulse rate - 12 KHz 

5.6.3 Table speed - 8 inches/second. 


| 


5.7 

The large hexagon scribing routing is obtained with 
the MCS option digiswitch in positions C through F. 

In each position a hexagon is scribed with a corner- 
to-corner diagonal equal to twice the diagonal digi- 
switch setting in units of 10 mils. For example, a 
setting of 185 produces a hexagon with a diagonal of 

3.7 inches. The allowable settings are from 100 to 

199. The length of the strokes taken to generate 
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5.7 (Continued) 

each side Is determined by a calculated wafer diam- 
eter equal to the diagonal plus *s Inch. Scribe lines 
are extended to exceed the wafer diameter to expedite 
cracking. For accurate scribing the velocity should 
be set at 4 ips or less using the HEX VEL Digiswitch 
on the front panel. In addition, the corners of the 
hexagon may be cut at a distance from the vertex as 
given by the truncate digiswitch In mils, thus gen- 
erating a non-regular 12-sided figure. The minimum 
cutoff Is equal to 4 times the spetd In Inches per 
second; the maximum cutoff Is equal to k of the diag- 
onal or 100 mil, whichever is less. Setting the trun- 
cate digiswitch at values outside these limits will 
cause the cycle to abort after scribing the basic 
hexagon. If no cutoff is desired the truncate digi- 
switch should be set at zero. 

5.8 Option position functions are: 

5.8.1 Position B. Center hole generation only. 

5.8.2 Position C. Center hole and hexagon. 

5.8.3 Position D. Hexagon is generated and then bi- 
sected along the Y axis producing two pentagons . 

5.8.4 Position E. Hexagon is generated and then bi- 
sected along the X-axis, producing two trape- 
zoids. 

5.8.5 Position F. Hexagon is generated. 

5.9 With the option position switch in position B or C a 
hole is cut in the wafer with its center at the center 
of the wafer within + 5 mils. The diameter of the hole 
is given by the setting of the hole diameter digiswitch 
in increments of 10 mils. The minimum diameter is 100 
mils and the maximum is 500 mils; settings outside these 
limits will not be accepted by the program. The speed 
and number of passes around the circle required to 
completely remove the circular plug is a function of 
wafer thickness and cut edge quality. To permit sys- 
tem optimization these parameters may be selected by 
the operator. The number of passes is given by the 
pass digiswitch times 4, the speed is given by the 

MCS velocity digiswitch in its normal format. Typ- 
ical values of these parameters are 20 passes at 2 ips 
for an effective cutting rate of 0.1 ips or 3 seconds 
for an 0.1 inch diameter hole. In option position B 
only the above hole is generated. In option position 
C both the hole and the hexagon are generated. Typi- 
cal parameters utilized in option position B are as 
fol 1 ows . 
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Power: 17.5 watts 

Cycle: 10 KHz 

Table Speed: 2 In/sec 

No. of Passes: 12 

Cutting Time: 10 ;econds 

Hole Diameter: 0.2 inches 

6 . 0 Procedure 

6.1 Load wafers into fixture located on dual axis travel 
table with active side down. 

6.2 Depress wafer hold switch. 

6.3 Close safety door. 

6.4 Depress run switch. 

6.4.1 Operator observes the scribing operation 
through the microscope. In the event of a 
failure, the operator depresses the stop/ 
start switch. 

6.5 When the cycle is completed the laser will be turned 
to a standby mode and the doors will open. 

6.6 Unload the wafer. 

6.7 Repeat from 6.1 until all wafers are scribed. 

6.8 Place clean cotton gloves on hands and, holding the 
wafer with the scribe line up: 

6.8.1 Grasp wafer with thumb and finger tips, not 
including the body of the hand. 

6.8.2 With the thumb and index finger of the other 
hand grasp the wafer just outside the scribe 
line at its midpoint. 

6.8.3 Exert a downward, torquing force on the wafer 
until it snaps. 

7.0 Maintenance 

7.1 The illumination lamp must he replaced every 50 hours 

7.2 The krypton lamp must be replaced every 25<» hours. 

7.3 The filter must be replaced every 1000 hours. 

8.0 Safety 

8.1 Neve r look directly into the laser. 

* 
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ENGINEERING SPECIFICATION 
(Outline Form! 

SOLDER COAT 


1 . 0 Objec t 

This specification outlines the technique by which a 
solder coating Is placed on the back and front surfaces 
of the cell. 

2.0 Material 

Wafers from the "Laserscri be" operation and tin/lead 
(60/40) solder are required. 


3. 0 Equipment 

An overflow solder pot of appropriate dimensions to accept 
the teflon holding fixtures. preheater oven is also re- 
quired. 


4.0 


5.0 


Supplies 

Teflon carriers with retainer bars to prevent floating of 
the wafers in the solder are required. These carriers 
must hold the wafers in a vertical position. A ten inch 
handle is recommended. Water soluble flux is also required. 


Preparatio n 


Load the carriers with wafers. 
1750 f 1 5 0 F . Set the solder pot 


Set 

to 


the preheati ng 
475°F + 25°F. 


oven to 


6 . 0 Pr oce dure 

Dip carrier load of wafers into the water soluble flux. 

Place the carriers into the oven for a minimum of five 
mi nu tes . 


Remove from the oven and immerse in the solder bath for 
5-10 seconds. 


7.0 


8.0 


Remove from the bath and impact the load against a hard 
surface to dislodge excess solder. This may be omitted 
if an air knife system is installed above the solder pot. 

Lay carrier on its end so that wafers are horizontal. 

When cooled remove wafers and pass along to the "Remove 
Flux" operation. 

M a inten a nee 

Add solder to the pot as required. 


Safety 


Standard het material procedures apply. 
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PX-08 


PHOTOWATT INTERNATIONAL, INC. 

ENG] M ERING SPECIFICAT ION 
(Outline Form) 

REMOVE FLUX 


1 . 0 Object 

To remove the flux from cells after solder coating. 

2.0 Material 

Wafers from the solder coat operation. 

3 . 0 Equ 1 pment 

A three stage hot water cascade system with built-in 
ultrasonic agitation In the first stage. 

4 . 0 Suppl i es 

Standard wafer carriers are required. Hot D.I. water 
at an input temperature range of 90°-95°C is also 
needed . 

5 . 0 Preparation 

Start flow of hot D.I. water into cascade. Load wafers 
into carriers. Check the input temperature and, when 
hot enough, start the ultrasonic agitator. 

6 . 0 Procedure 

Place the carriers into the first tank for two minutes. 
(This is the first tank of operation and the third tank 
in the cascade cycle.) Step the carriers through the 
cascade progression in two minute Intervals. Air dry 
in a clean environment. 

7 . 0 M a i ntanan ce 

Be certain flux residue does not build-up. If this 
starts, scrub and rinse with hot D.I. before the next 

Ui 5 . 

8 . 0 Sa f ety 

The standard hot water regulations apply. 
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PHOTOWATT INTERNATIONAL, INC. 


PX-09 


ENGIN EE RING SP E CIFICATION 
(Outline Form) 

Si 3 N 4 AR COAT 


1 .0 Object 

The object of this process Is to apply an antlreflectlve 
coating to the cell . 

2.0 Material 

Wafers from the "Remove Flux" operation. 

3.0 Equipment 

An LFE Corporation, Process Controls Dlv. (Waltham, MA) 
System 8000. 

4.0 Suppl les 

One and one-half percent silane In argon Is the only 
supply. 

5. 0 Preparation 

The following parameters are inputs to the microprocessor 
which completely controls the operation: 

Thickness: 80oX o 

Deposition Rate: 1200 A/mlnute 
Gas Flow Rate: 4.125 ft 3 /hour 
Process Rate: 300 wafers/hour 

6 . 0 Procedure 

Since the process is entirely controMed by the micro- 
processor, It is only necessary to load two 25 wafer 
cassettes onto the Input unit and two empty 25 wafer 
cassettes onto the output end and turn the machine on. 

The cassettes must be replaced as exhausted or filled, 
of course. 

7.0 Ma i ntenan ce 

Refer to the operating manual for the particular serial 
number machine in use. 

8.0 Safety 

The usual hazards associated with moving machinery and 
Internal high voltages apply. 


* 
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PX-M 


PHOTOWATT INTERNATIONAL, INC. 

ENGINEERING SPECIFICATION 

(Outline Form) 

LAMINATE (AUTOCLAVE) 


1.0 Object 

To laminate the module components Into a complete 
functional assembly ready for framing and attachment 
of terminals. 

For this contract, all lamination was done by Spectro- 
lab, Inc. 

The procedure used Is Indicated In Spectrolab Specifi- 
cation 6314-0021. This Is given In the Final Report 
on Contract 954853 (to be published In 1980). 
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PHOTOWATT INTERNATIONAL, INC. 
ENGINEERING SPECIFICATION 


PX-16 





(Outline Form) 

PERFORMANCE TEST 

1 .0 Object 

This specification outlines the procedure for perfor- 
mancetesting of the final module prior to packaging for 
shipment. 

2 . 0 Material 

The module to be tested. 

3.0 Equipment 

A solar simulator with sufficient span and adequate 
tolerance and the program Illustrated In the attached 
figures are required along with the printout medium 
selected. 

4.0 Suppl les 

The only supply required Is paper for the printout 
type desired. 

5 . 0 Preparation 

Turn on the simulator, balance and calibrate It. Turn 
on the programmer and allow the required warm-up. Run 
a standard panel for calibration and functional checkout. 

6.0 Procedur e 

Place modules Into feed mechanism. Since this will vary 
from company to company, no specifics are possible. Sub- 
ject to program shown and store by classification. 

7.0 M aint e nan ce 

This is highly dependent upon the mechanics of the feed 
mechanism selected. Electronic maintenance should be 
automated and require service only at such time as warn- 
ing indicators d'rtct so. 

8 . 0 S afet y 

The only safety precaution Is to refrain from looking 
directly Into the Illumination source in the simulator. 
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MAIN PROGRAM 


Select Test 
SC' V OC' PP V 


Grouping? 


PX-16 


Test Parameters 
H test X SC 8tand ‘ 


Setup Group Limit 


Set Light Level 


Check Light Leve 


Input S/N 


0000 ? 


Select 

Print Options 


Print Stored 

Data 


Sub • 

i 1 

Measure 



Sub • 2 
Measure I, 


Figure 64 . Flow chart 
of solar cell and module 
test data acquisition 
and storage system. 

Solar cells are grouped 
in accordance with input 
data supplied by the 
programmer. Voc# Isc 
and peak power are 
determined respectively 
by three subroutines. 
Data is stored and 
is available for print 


Sub « 3 
Compute PP 


Group ing 


Exit 


Exit 














PX-16 


Calling Program 


SUBROUTINE • 1, V QC 



Return 
(to calling 
program) 


Return 


Figure 65. Flow chart of subroutine number one 

for measuring open circuit voltage of 
solar cells or module. 


Note: Amp V. is set to a maximum. This effectively 
discounts the unit under test from the load so 

that may be measured, I Ce ^ is checked first 
and if it is greater than zero then an error 
occurs because Voc is higher than what the 
equipment can measure. 
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Calling Program 


SUBROUTINE • 3, Peak Power 


Set V ceU * V oc 
Pmax » 0 

Vatop ° 


Measure Icell Cor- 
responding to Vcell 


Voc/ 20 



Vcell - V< 

rell-Vstep 



P max « 

• p ! 

1 


Set P max = 0 
V step * Vstep/20 


Vcell = Vcell+Vstepl 


Measure I cell Cor-I 

responding to V celll 



Store data 

P.. • A. 


Figure 67. Flow chart of 
subroutine number three 
for computing peak power 
of solar cell or module. 
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PX-10, 11, 12, 13, 15 


PHOTOWATT INTERNATIONAL, INC. 
ENGINEERING SPECIFICATIONS 


The following specifications are all dependent upon cell 
pattern or internal specifications and therefore are not 
i ncl uded . 

PX-10 Test and Group 
PX-11 Cell Interconnect 
PX-12 Module Layup 
PX-13 Degas 

PX-15 Assemble Frame & Terminal 
There are no specifications covering "Package" or "Ship". 
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